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PREFACE. 




S. 



In the present volume — a small book upon a large 
subject— the question of the Purification of Sewage 
is dealt with chiefly from a chemical and biological 
point of view, and in the light of the experience 
gained in the discharge of my duties as the Medical 
Officer of Health of a large County. That office has 
afforded me constant opportunities for the inspec- 
tion of sewage works in actual operation, and for 
analyzing the effluents from such works. As the 
result, I have endeavoured to set out in these pages 
as succinctly as possible, and yet (it is hoped) with 
sufficient fulness for the purpose in view, the 

^ conditions which appear favourable for particular 
processes for the purification of sewage, and their 

- ^ necessary limitations. 
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vi PREFACE. 

Until the passing of the Local Government Act, 
1888, by which County Councils were constituted, 
the enforcement of the Eivers Pollution Prevention 
Act of 1876 was left in the hands of the Sanitary 
Authorities, who, being themselves the chief 
offenders against the provisions of that enactment, 
were, naturally enough, very loth to institute pro- 
ceedings against one another. 

Now, however, under pressure from County 
Councils and Joint Biver Boards, the District 
Councils are seriously taking in hand the work of 
saving our rivers and streams from pollution, and 
the question is constantly being asked, "What is 
the best process of sewage purification to adopt?" 
The form of this question shows only too clearly 
that the real nature of the problem is not generally 
understood. It is, indeed, of the first importance 
that members and officers of the various bodies, 
upon whom devolves the duty of dealing with the 
problem of purification of sewage, should grasp the 
scientific principles of the question, and recognize 
the fact that the particular scheme to be adopted 
in any locality must depend upon a variety of local 
circumstances. It is with the view of giving some 
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PREFACE. vii 

help in this direction that the following pages have 
been written. 

During recent years, by means of numerous 
bacteriological and chemical investigations^ both in 
this country and in America, great advances have 
been made in our knowledge of the changes which 
sewage undergoes in purification, and not a few con- 
clusions of wide-reaching importance established; 
and it is hoped that the presentation in this 
little work of some of the results thus attained will 
be found useful by engineers and other officials who 
wish to avail themselves of the latest researches 
of chemists and biologists upon the question of 
Sewage Purification. 

SIDNEY BAEWISE. 

County Offioes, Debby, 
OetdbWy 1898. 



CONTENTS. 



■•o^ 



CHAPTER I. 
SEWAGE: ITS NATURE AND COMPOSITION 

PAGE 

Definition of sewage — Sewage from water-closet and non-water- 
closet towns — ^Plea for the general adoption of water-closets 1 

CHAPTEB II. 

THE CHEMISTRY OF SEWAGE. 

Variations of sewage with water supply — Composition of average 
sewage — Explanation of chemical terms nsed — Total solids, 
free ammonia, organic or albuminoid ammonia, chlorine, 
oxygen absorbed — Formula for calculating flow — Standards 
of purity for sewage effluents — Chemical changes to be 
effected by purification ... 10 

CHAPTEB m. 

VARIETIES OF SEWAGE AND THE CHANGES 

IT UNDERGOES. 

Chemical composition of different sewages^-Variations in the 
chlorine — ^Night and day sewage — Hourly variations in 



CONTENTS, 



PAGE 



flow and composition — Changes sewage undergoes by keep- 
ing — Purification effected by clarification, nitrification, and 
bacteriolysis — Imporiiance of sewers being self-cleansing — 
Table giving maximum discharge of various sized sewers at 
different inclinations ... ... 28 



CHAPTEB IV. 

RIVER POLLUTION AND ITS EFFECTS, 

Self-purification of rivers— Bacterial purification, by sedimenta- 
tion, by biological changes— Gross pollution causing nuisance 
— ^Ptomain poisoning from polluted waters — Effects of pol- 
luted water on oyster culture — Typhoid fever and polluted 
nver water ••• ••• •.. .«• •.. ••• ,,, 41 



CHAPTER V. 

THE LAND TREATMENT OF SEWAGE, 

Sewage farms— Only indicated where soil is suitable — Clay lands 
nearly useless— The theory of nitrification — Intermittent 
downward filtration— Irrigation proper — Stratford-on-Avon 
farm —Edinburgh farm — Paris farm — Berlin farm — Proper 
method of laying out and working a farm — Quantity of 
land required — Fallacy of the manurial value of sewage ... 53 



CHAPTEB VI. 

PRECIPITATION, PRECIPITANTS, AND TANKS, 

Limitations of the process^In practice solid matters only 
removed — Soluble matter removed by excess of precipitants 
— Comparative costs of precipitants — Lime, alum, ooperas 



CONTENTS. xi 



PAGE 



— Various patent precipitauts — Precipitation without tanks 
— ^Absolute rest tanks — Continuous flow tanks — Dortmund 
tank of Einebiihler — The Candy tank — Sludge and methods 
of dealing with it ••* ..• ••• f ••• ^^f 85 



CHAPTER VII. 
FILTRATION OR NITRIFICATION. 

Intermittent land filtration — Artificial filters suggested by 
Warington in 1882— Conditions necessary for nitrification — 
Experiments by the Massachusetts Board of Health with 
coarse sand, fine sand, peat, silt, garden soil, and fine gravel 
— Besults obtained — London County Council experiments — 
Results obtained 106 



CHAPTER VIII. 

SPECIAL FORMS OF SEWAGE FILTERS. 

Ducat's filter— Garfield's coal filter — Sewage distributors — The 
Lowcock filter — Comparative results with coke, breeze, ooal, 
sand, and Lowcock's filter, Tipton and Buxton — ^Automatic 
arrangements for applying sewage intermittently 123 



CHAPTER IX. 

THE NEW DEPARTURE: ''BACTERIOLYSIS.'' 

Scott Moncrieflfs and Adeney's experiments — The Exeter septic 
process of Cameron — ^Results obtained at Exeter — Gases 
resulting from the septic process , . ... 184 



xii CONTENTS. 

CHAPTBB X. 

CONCLUSION. 

PAOS 

What prooees of purification to adopt — ^When a sewage farm — 
When precipitation and land — When precipitation and arti- 
ficial filtration — Indications for a septic process 141 



X^J^£iaV ••• ••• ••< •«• •>• <■• t,t ««• Xxf 



J 



<?J 



OF THK y 

UNIVERSITY 

THE PURIFICATION 
OF SEWAGE. 



■•*•■ 



CHAPTEE I. 

SEWAGE: ITS NATURE AND COMPOSITION. 

Definition of sewage — Sewage from water-closet and non-water- 
closet towns — Plea for the general adoption of water-closets. 

Bt " sewage," which is derived from the Anglo-Saxon 
'* seon," to flow down, is meant the liquid contents 
of a sewer. This, in its simplest form from a village 
or non-water-closet town, is frequently designated 
"slop-water." It contains the liquid excretions of 
the inhabitants; the foul waters from the kitchens 
containing vegetable and animal matters, bits of fat, 
and other refuse ; the " suds " from the washing of 
dirty linen, cooking utensils, and the people them- 
selves, holding in solution and suspension soap, fatty 
acids, and the exudations from the human skin. 
Such soapy slops, as every one is aware, if allowed 
to stand for twenty-four hours, become most foul and 
offensive. Then there is the dirty water from the 
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washing of floors, the swilling of yards, the solid 
and liquid excretions of animals in the streets, the 
drainage from stables and pig-sties, the blood and 
other animal matters from slaughter-houses, silt from 
street sweepings, and sometimes, if the town is an 
old one, the most offensive and concentrated filth of 
all, the soakage from a privy-midden. From a con- 
sideration of its various constituents, I think it must 
be admitted that even what is called '* slop- water ** 
is a polluting noxious liquid, no less offensive than 
ordinary sewage. 

In the case of water-closet towns, in addition to the 
above polluting matters, there are the solid excreta 
from the inhabitants, paper and other matters of 
a like nature emptied through the closets into the 
sewers, but there is also a larger amount of clean 
water. As a rule, in both cases, the surface water 
from the streets and from the yards, and a certain 
amount of ground water, finds its way into the 
sewers. 

Sewage as defined is the liquid contents of a 
sewer, and as a sewer has a specific meaning under 
the Public Health Acts, the definition of this word 
becomes a point of great importance, involving, as 
it does, an answer to the question. What is sewage ? 

By sect. 4 of the Public Health Act, 1875, a *'drain '' 
is defined as meaning any drain of and used for the 
** drainage of one building only,*' or premises within 
the same curtilage, and made merely for the purpose 
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DEFINITION OF ''SEWAGE:' 3 

of communicating therefrom with a cesspool or with 
a sewer ; whilst *' sewer *' includes sewers and drains 
of every description, except those to which the word 
"drain** interpreted as above applies. Prom this 
definition it follows that where two or more houses 
have a common drain, that drain is, within the 
meaning of the Public Health Act, 1875, a sewer, 
and as such, by sect. 13 of the same Act, it is vested 
in the Sanitary Authority, who become, by sect. 3 
of the Rivers Pollution Prevention Act, 1876, re- 
sponsible for using " the best practicable and available 
means to render harmless the sewage matter*' falling 
or flowing therefrom into any stream or watercourse. 

The importance of this definition can hardly be 
exaggerated, and numerous cases have arisen on the 
point. The decisions of the Court of Appeal, how- 
ever, have made it quite clear that where two or more 
houses drain into a common channel, whether that 
channel be a pipe-drain, or even an open ditch,* it 
is a sewer, and the Sanitary Authority are liable for 
its maintenance in such a state as not to be a 
nuisance," to keep it properly cleansed, ventilated, 
and repaired (sects. 15 and 19 Public Health Act, 
1875), and to use the best practicable and available 
means to purify the sewage flowing from it. 

Sewage is an extremely complex fluid, varying in 
the same place from hour to hour both in its volume 
and in its chemical composition, nor is the sewage 

♦ Wheaicroft v. Matlock Local Board, 52 L. T. (N.S.) 356. 
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of any two places the same^ even though it be in 
each case of a purely domestic character. 

Dealing first of all with the sewage from non- 
water-closet towns : the greatest cause of its varia- 
tion is the quantity of water per head supplied to 
the district. It is frequently supposed that this 
sewage is not of such a polluting nature as that 
from towns where the water-carriage system has 
been adopted. Although the total amount of sewage 
matter conveyed to the outfall by the sewers is 
greater where water-closets are in use, yet the 
average composition of such sewage is no stronger 
than that from towns where there are no water- 
closets. The reason for this is that water-closets 
are not generally used except in towns where there 
is an ample water supply ; and although it is true 
that by the general adoption of water-closets two 
and a half ounces of excrement per head per day, 
containing 25 per cent, of solid matter, are added 
to the sewage, yet the water which is used for 
flushing, and the unavoidable waste which results 
from the adoption of the water-carriage system, are 
sufficient to dilute this five-eighths of an ounce of 
solid matter below the strength of average sewage 
from a non-water-closet town. 

With regard to the sewage of water-closet towns, 
the chief difference is that it contains a larger amount 
of suspended matter, such as disintegrated paper, the 
filaments of which are liable, if not removed, to form 
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a film of papier-ma6he on the surface of sewage filters. 
In the manufacturing towns there is also more or 
less refuse from factories draining into the sewers. 

By sect. 7 of the Rivers Pollution Prevention 
Act, 1876, every sanitary authority is compelled to 
give facilities for enabling manufacturers within its 
district to carry the liquids proceeding from their 
factories into the public sewers, provided that such 
liquids do not prejudicially affect the sewers or the 
system of disposal of the sewage, or are not from 
their temperature or otherwise injurious from a 
sanitary point of view. The chief manufacturing 
processes which produce liquid wastes, that manu- 
facturers may ask facilities for draining into the 
sewers, are brewing, paper making, bleaching, calico 
printing and dyeing, wool scouring, fulling and felt- 
ing, tanning and fell-mongering, and chemical and 
alkali works. Some of these wastes if admitted in a 
reasonable proportion are advantageous, while other, 
such as galvanizers' pickle,^ may, unless special pre- 
cautions are taken, be injurious to the sewers, and 
also to the system of sewage disposal. 

Where manufacturing wastes are admitted into 
the sewers, arrangements should be made for their 
admission evenly and continuously. It is no un- 
common thing to see the sewage of a manufacturing 
town completely change in its appearance and com- 
position several times in the course of an hour, 
defeating all attempts at purification. 
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Water-closets. — The sewage from water-closet towns 
is no stronger than ordinary sewage or slop-water, 
which is a polluting liquid necessitating purification 
works whether the excreta of the inhabitants are 
added to the sewage or not. This being so^ the 
advantage of adopting water-closets is apparent. 
The alternatives are the pail system or some form 
of privy-midden. 

With regard to the pail system, the cost of empty- 
ing a pail weekly is on the average about eight 
shillings per annum per house^ or twopence a week. 
On the other hand, if water can be obtained at 
eightpence a thousand gallons, the cost in water for 
each house is about four shillings per annum. 

As for the midden system, it is now too late, at 
the beginning of the twentieth century, to contem- 
plate a system which intensifies all the evils of the 
pail system, and is without any of its advantages. 
In rural districts, where there is no public water 
supply, it may still linger; but the difficulty of 
getting privies regularly emptied increases every 
year. The introduction of preserved articles of diet 
has led to empty tins, broken bottles, etc., being 
thrown into the ash-pits, and I have heard farmers 
declare that it has cost them as much to sort the 
contents of privy-middens, or to pick up the old tin 
cans, from their fields, as they have been paid for 
removing the refuse. 

Where sewers have been provided, why not make 
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full use of them ? The only system fitted for this 
country is that of water-closets. The water comes 
silently into the houses, and does its work efficiently ; 
the excreta are removed at once before the mass has 
time to give rise to any nuisance by decomposing. 
The danger of sewer gas entering a house is just 
as great from a bath or sink as from a water-closet 
if the house drains are not disconnected from the 
public sewer, while there is no more difficulty in 
disconnecting a water-closet than there is in cutting 
oflf a bath waste. Both should be trapped, and then 
made to pass through the open air, in a disconnecting 
trap (see Pig. 1), before passing into the sewer. If 
this simple precaution is taken, and the drains are 
not defective, it is impossible for sewer gas to enter 
the house; while the risk of the drains being de- 
fective is not increased by the fact that there is a 
water-closet within the house. 

Although this matter does not arise on the question 
of sewage disposal, it is of such importance that 
I feel I am justified in introducing a sketch showing 
the proper method of disconnecting water-closets, 
bath and sink wastes, from the sewers. This is done 
in Fig. 1. 

That danger of typhoid fever from the adoption 
of the water-carriage system, if properly carried out, 
does not exist, is clearly demonstrated in the case of 
London. Here is the largest population ever con- 
gregated together, water-closets generally adopted, 
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and a low tjphoid rate. That water-carriage ia the 
healthiest a^stem has been conoluaively shown by 
Dr. Boobyer in the ease of Nottingham, the following 
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summary giving the incidence during the last ten 
years of typhoid fever on houses with water-closets, 
pails, and privy-middens : — 

Privy-midden houses, 1 case of typhoid in 37 
Pail-closet „ 1 „ „ 120 

Water-closet „ 1 „ „ 558 

In the face of these figures, the advantage of the 
water-carriage system is apparent. 



CHAPTER II. 

THE CHEMISTRY OF SEWAGE, 

Variations of sewage with water supply — Composition of average 
sewage— Explanation of chemical terms used — Total solids, 
free ammonia, organic or albuminoid ammonia, chlorine, oxygen 
absorbed — Formula for calculating flow — Standards of purity 
for sewage effluents — Chemical changes to be effected by 
purification. 

An average sewage contains about 100 grains of 
solid matter to the gallon, the remaining 69,900 
grains being water. Of the 100 grains of solid 
matter, a certain proportion, varying in different 
towns and at different times of the day and seasons 
of the year, will consist of organic matter ; perhaps 
on the average it will amount to 40 grains. It 
is the object of sewage purification to remove, as 
far as possible, this 40 grains of organic matter, 
and to as nearly as possible completely oxidize that 
which cannot be removed. All the organic and 
mineral matter in suspension should be removed, 
and in a good effluent as much as 80 per cent, of 
the organic matter in solution will also be oxidized 
to nitrates. An average sewage, containing 100 
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grains of solid matter to the gallon, will have about 
70 grains in solution ; this includes the solid matter 
in solution in the drinking water of the district. 
Consideration of this fact will at once show that 
the solid matter in solution in a sewage must vary 
in different towns with the quality of the drinking 
water. A glance at the following Table, giving the 
solid matter in water supplies from various ' sources, 
will show how the percentage of solid matter in a 
sewage varies with the source of the public water 
supply :— 



Grains of Solid Matieb to the 


Gallon in 


Various 


Waters. 






Formation. 


Surface 


Deep well and 




waters. 


spring waters. 


Igneous rocks, MetAmorphic, Silurian, 






and Devonian 


3to7 


5 to 15 


Yoredale and Millstone Grits ... 




5 to 10 


15 to 28 


New Red Sandstone 




8 to 18 


20 to 30 


Mountain Limestone 




8 to 16 


22-5 


Magnesian Limestone 




8 to 18 


350 


v^UaLK ... ■•«• ••* ... < 






25-0 


Chalk beneath London Clay ... 




— 


54-5 


Coal Measures 




16 


60-0 



It will be seen that the percentage of solid matter 
in solution in the sewage from a town supplied 
with water from a deep well in the coal measures^ 
for instance, will be ten times greater than that from 
a town which is supplied with surface water from a 
gritstone gathering ground. It is obvious that, as 
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far as the purification of sewage is concerned, the 
amount of this solid mineral matter in solution is 
of secondary importance. An average sample of 
sewage, containing 100 grains of solid matter to the 
gallon, will have about 70 grains of solid matter in 
solution and 80 in suspension. Of the suspended 
matter a varying amount, somewhere about two- 
thirds, will be organic matter, while of the other 
in solution less than one-third will be organic 
matter. 

The following Table may be useful as giving an 
idea of the solid matter in an average sewage : — 

Composition of One Gallon op Typical Average Sewage. 

Grains per gallon. 

(1) Solid matters in suspension — 

(a) Organic ... ... ... 20 

(b) Mineral ... ... ... 10 

30 

(2) Solid matters in solution — 

(a) Organic ... ... ... 20 

(5) Mineral ... ... ... 50 

70 

Total ... ... ... 100 

A gallon of water weighs 70,000 grains, so that 
70 grains per gallon is equivalent to 100 parts in 
the 100,000. As the decimal notation is used in 
chemical investigations, it is easier to express results 
in parts per 100,000 than in grains per gallon. 
In this work results will be expressed in parts per 
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100,000. It is a simple matter to convert grains 
per gallon to parts per 100,000 by dividing by 7 and 
multiplying by 10 ; similarly parts per 100,000 can 
be converted to grains per gallon by multiplying by 
7 and dividing by 10. 

Such a sewage as the above would, upon analysis, 
probably yield results somewhat as follows, expressed 
in round numbers in parts per 100,000 : — 

Total solids. Solids in stispension. Chlorine. Free ammonia. Organic ammonia. 

142-8 42-8 12-0 5-0 1-0 

Nearly all the solid matter in suspension and a 
fraction of that in solution can be removed by almost 
any precipitating process, such processes about half 
purifying the sewage. In the laboratory the solid 
matter in suspension is removed by passing the 
sewage through filter paper. The quantity can be 
thus estimated. After the removal of the suspended 
matter, there is still the 20 grains of organic matter 
in solution to purify. As we shall see, this organic 
matter in solution, having as its chief source the 
.urine which enters the sewers, contains the bulk of 
the nitrogen in the sewage and cannot be removed. 
Its purification can only be effected by completely 
oxidizing it, so that when it enters a river its affinity 
for oxygen is satisfied and it does not deprive the 
river of its normal oxygen which is required for the 
natural fauna and flora of the river water. 

The chemical terms which are used in relation to 
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sewage are various, but the following are the only 
terms we need trouble with, as they indicate the only 
determinations which it is necessary should be made. 

Total Solids. — The meaning of the term ''solid 
matter " has been fully explained. It is determined 
by evaporating to dryness in a platinum dish a 
known quantity of sewage over a water bath, dry- 
ing at 212° Pahr., and weighing immediately on 
cooling. The result obtained is the total solid 
matter. The total organic matter is then determined 
by igniting the residue in the platinum dish and 
weighing again ; the loss on the first weighing gives 
the total amount of organic matter which has been 
burnt off. The sewage is then filtered, and the same 
process is gone through again with the filtered 
sewage ; the results obtained will give the total solids 
and the organic solids in solution. By subtracting 
these from the first results the total suspended 
matter and the organic suspended matter will be 
obtained. A good sewage effluent should contain no 
organic matter in suspension, and not more than 
three parts per 100,000 of organic matter in solution. 

Free Ammonia. — This is the ammonia formed from 
the splitting up of the nitrogenous matters in the 
sewage by the action of bacteria. There are at 
least two varieties of bacteria which split up the 
urea in the urine and convert it into carbonate of 
ammonia. Although the term '' free ammonia " is 
used, the ammonia is not to be understood to exist in 
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the free state, using the word ''free " in its chemical 
sense. It is in combination with carbonic and or- 
ganic acids, and if mineral acids enter the sewers it 
may also exist as the chloride or the sulphate of 
ammonium. The term " bacteriolysis " has been pro- 
posed for this splitting up of organic matter by the 
action of living organisms. The free ammonia in 
itself is quite harmless and is not of much importance. 

The Organic or Albuminoid Anunonia and the Organic 
Nitrogen. — The organic matter of animal origin both 
in solution and in suspension contains about sixteen 
per cent, of nitrogen ; the vegetable organic matter 
contains much less. At one time the organic nitrogen 
was estimated as an index of the amount of organic 
matter. The process, however, has not been gene- 
rally adopted. 

Wanklyn showed that by boiling organic matter 
with permanganate of potash and caustic potash 
it was split up, and a proportion of the nitrogen 
was given off in the form of ammonia, which could 
easily be estimated, and was as reliable as an index 
of the organic matter as the organic nitrogen pro- 
posed by the old Eivers Pollution Commissioners. 
The terms "albuminoid*' and ''organic ammonia" are 
synonymous. As a rule, about two-sevenths of the 
organic nitrogen in sewage will come off as organic 
ammonia. This is perhaps the most important deter- 
mination that can be made of sewage and sewage 
effluents. The organic ammonia in a sewage varies 
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from 3 or even more parts per 100,000, to as little 
as 0*2 part per 100,000, while that in a sewage 
effluent should not yield more than O'l part per 
100,000. The Table on page 29 gives the results of 
the average of a number of samples of sewage from 
different sources. It will be seen that the American 
sewage is very much weaker than average English 
sewage. 

Chlorine. — The chlorine in sewage has its origin in 
common salt, of which it constitutes about 60 per 
cent. It enters the sewage as salt in the waste from 
kitchens and in the urine. There is also a certain 
amount of chlorine in all drinking water. It is 
also present, to a slight extent, in rain water. On 
the West Coast as much as 5 parts per 100,000 
have been found in rain water; at Liverpool 1 
part ; and in various parts of England (inland) about 
0*3 per 100,000. The chlorine in drinking waters 
varies with the source of the water ; in upland sur- 
face waters it is about 1 part in 100,000, while in 
the deep-well waters from the millstone grit, new 
red sandstone, mountain limestone, chalk, Devo- 
nian rocks, it is about 2 or 3 parts; while in 
the chalk beneath the London clay it is as much 
as 15, and in the coal measures even 18 parts per 
100,000. So that the amount of chlorine in sewage 
will very materially depend upon the drinking water 
supplied to the district. 

Human urine, of which on the average, in a mixed 
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population, about 40 ounces per head per day are 
excreted, contains about 842 parts per 100,000 of 
common salt, of which 500 parts consist of chlorine. 
The chlorine itself is of little importance; there 
is no necessity for its removal, and no process of 
purification can remove it Its determination, how- 
ever, is important, because it serves as a valuable 
index of the strength of ordinary domestic sewage. 
For instance, one frequently sees in the adver- 
tisements of patented processes of purification, an 
analysis published of the wonderful purity of a 
sewage effluent which contains a small amount of 
chlorine, and beside it an analysis of the raw sewage 
which contains a much larger amount of chlorine. 
Obviously the effluent and sewage do not correspond, 
and the effluent has been obtained from a weaker 
raw sewage than that of which the analysis is 
published.* 

From this it will be obvious that the determination 
of chlorine is always an important one, as, if the 
percentage of purification effected by any process 
is to be gauged, the chlorine in the effluent must be 
practically the same as that in the sewage. It is a 

* In a paper read at the Sanitary Institute Congress, Liverpool, 
in 1894, on a "patented" process of purification, the chlorine in a 
raw sewage was given as 30 parts per 100,000 ; while that in the 
effluent from the "patent" filters was given as 3*9 parts per 
100,000. The effluent must have been from a sewage of between 
one-seventh and one-eighth of the strength of that purporting to 
be the sewage before purification. 
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pity that this elementary fact has not been more 
generally appreciated by the advocates of many 
patented processes, as the analyses they publish 
prove too much. 

The chlorine in twenty samples of sewage from 
midden towns was found by the Eivers Pollution 
Commissioners to contain 11 '54 parts per 100,000; 
while that from 36 water-closet towns contained 
10*66 parts. The drainage from districts where the 
wash water after dyeing enters the public sewers 
contains less chlorine than average sewage; while 
the drainage from 15 districts where bleaching, 
fulling, and scouring were carried on was shown 
by the Eivers Pollution Commissioners to contain 
20 parts per 100,000; the drainage from paper 
mills contained about the same. The drainage 
from alkali works contained from 100 to 700 parts ; 
while that from galvanizing and tin-plate works on 
the average contains 2000 parts, and may contain 
as much as 20,000 parts per 100,000. From this 
it will be seen that the amount of chlorine in the 
sewage will depend upon the nature of the manu- 
facturing refuse. 

If the sewage is purely of a domestic nature, and 
there is a public water supply, the amount of 
chlorine in it being known, the strength of the 
sewage and the number of gallons per head can be 
approximately ascertained by estimating the quantity 
of chlorine in the sewage. The following is a formula 
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which the author has devised for this purpose, and 
which gives approximately accurate results : — 

Let A = parts per 100,000 of chlorine in the public 
water supply, and let B = the parts per 100,000 of 
chlorine in the sewage; let X be the number of 
gallons of sewage per head per day required to be 
ascertained — 

For example, on a recent occasion the chlorine in 

the Buxton drinking water was found to be 1*1 parts 

per 100,000 (A) = 1*1, and the chlorine in the 

sewage to be 2-3 (B) = 2-3 : 

y _ 125 
2-3 - 1-1 

= 104 gallons per head per day. As a matter of 
fact, the flow was actually about 100 gallons per 
head per day. 

The Oxygen absorbed in Four Hours at Eighty 
Degrees Fahrenheit. — On adding a solution of per- 
manganate of potash to a sewage, the permanganate 
becomes decolourized on account of its giving off 
a portion of its oxygen to the organic matter. Un- 
fortunately, besides organic matter, salts of iron 
and other substances decolourize permanganate, so 
that however suitable the process is for the purpose 
of water analysis — for which Dr. Tidy originally 
introduced it — more reliance is to be placed upon 
the albuminoid ammonia as an index of the amount 
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of organic matter present in sewage, particularly 
where iron salts are used as a precipitant. Speak- 
ing generally, the oxygen absorbed in four hours at 
SO"" Fahr. is about ten times the amount of albumi- 
noid ammonia. 

The Mersey and Irwell Joint Board have adopted 
this process as a rough standard of purity for 
sewage effluents. 

Taken in conjunction with the albuminoid 
ammonia process, reliable results can be obtained. 

Standards of Purity for Sewage for Effluents. — No 
standard of purity for sewage effluents is fixed by 
the Kivers Pollution Prevention Acts, but from time 
to time various bodies have made suggestions as to 
what in their opinion should be adopted as a standard. 

It will be admitted at once that any standard to be 
generally applicable, while being sufficiently high to 
prevent any nuisance arising from the contamina- 
tion of a stream with an effluent which complies 
with it, should be sufficiently low to enable any 
Authority to keep within its limits. The Commis- 
sioners appointed in 1868 to inquire into the best 
means of preventing pollution of rivers recom- 
mended that it should be inadmissible to admit into 
any stream a liquid with the following composition : — 







Pftrts of 100,000. 


Total suspended matter 


• • • 


... 4-0 


Organic ,, 


• • • 


... 1-0 


Organic carbon ... 


• • • 


... 2-0 


Organic nitrogen ... 


• • • 


... 0-3 
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They then went on to give other conditions which 
apply only to the eflfluents from manufacturing pro- 
cesses. It is sufficient to say here that, in addition 
to the above, a sewage effluent should neither contain 
free alkali nor free acid. 

The Local Government Board have more than 
once been asked to specify a standard of purity for 
sewage effluents, but they have refused, on the 
ground that all the circumstances of each case 
should be taken into consideration. In the practical 
working of the Eivers Pollution Prevention Act it is 
absolutely necessary that those who have to enforce 
the Act should have some standard before them. 
The Mersey and Irwell Joint Board have adopted 
1*4 parts per 100,000 (one grain per gallon) of oxygen, 
absorbed at 80° Fahr. in four hours, as the standard 
for passable effluents ; effluents absorbing less than 1 
part being classed as good, less than 1*4 as fair, up 
to 3 as unsatisfactory, and more than 3 as bad. It 
is worth noting that in a recent report to the Board 
by their chief inspector it is shown that consider- 
ably over half the samples examined were within the 
limits of passable effluents. The standard which the 
Derbyshire County Council have adopted is 0*1 part 
per 100,000 of albuminoid ammonia. With regard 
to this standard, it can easily be reached by any 
of the recognized methods of treatment. The usual 
objection to the adoption of a general standard is 
that sanitary authorities would be tempted to dilute 



22 SEWAGE PURIFICATION, 

their effluent with subsoil or other water until the 
standard was reached. This would be prevented by 
insisting upon the effluent having undergone sufficient 
nitrification to contain at least 0*25 part of nitrogen 
as nitrates in the 100,000. 

The following standard, taking four factors into 
consideration, would, in the author's opinion, be 
generally suitable : — 

Parts per 100,000. 

Total suspended matter .., ... less than 3*0 

Oxygen absorbed at 80® Fahr. in 4 hours „ „ 1*5 

Albuminoid ammonia „ „ 0*15 

Nitrogen as nitrates to be at least 0-25 

The Changes to be effected by Parification. — The 
typical average sewage which we have previously 
considered had the following composition expressed 
in parts per 100,000 : — 

Total solids ... ... ... ... 1420 

Solids in suspension ... ... ... 42 

Chlorine ... ... ... ... 12*0 

Free ammonia... ... ... ... 5*0 

Organic ammonia ... ... ... 1 '0 

Such a sewage by precipitation would have the 
solid matter in suspension removed, and in this 
process the organic ammonia, ''the index of the 
organic matter," would be reduced from 1 to perhaps 
0*40. The same result would happen if the sewage 
was passed over the surface of land which inter- 
cepted the solid matter in suspension ; the purification 
which would so far be carried out would be merely 
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clarification or removal of suspended matter. The 
sewage would still have the organic matter in solu- 
tion in it, and whether it is intermittently passed 
through the open soil, such as sand or gravel, or 
whether it has passed through artificially prepared 
filters of polarite, crushed coal, coke-breeze, coarse 
sand, or any other suitable substance, the change 
which takes place is the same. 

It is essential that the sewage should be applied 
intermittently to the land or filters, so that the air 
in the interstices of the filtering medium may by 
this means be periodically renewed. Unless this 
takes place the nitrifying organisms cannot oxidize 
the ammoniacal salts and convert them first of all 
into nitrous acid, and finally into nitric acid, from 
two-thirds to three-fourths of which acids are oxygen. 
When these acids are formed they immediately re- 
place the carbonic acid in the carbonates of lime, 
potash, or whatever base the carbonic acid present 
is combined with, and form nitrates of such bases. 
The nitrogen in solution therefore passes away in 
the sewage effluent as a nitrate ; it is not removed. 
These nitrates are quite harmless ; as a rule nitrate 
of lime is the particular nitrate which is formed. 
The general characteristics of nitrates are similar to 
nitrate of potash or saltpetre. 

If such a sewage as the average one previously 
referred to were strained through filter-paper, the 
organic ammonia would be reduced from 1*0 to 
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about 0*60 part per 100,000. All the matters in 
suspension would be removed, two-thirds of which 
we have seen are organic matter, being half the total 
organic matter in the sewage. In the laboratory, 
also, by carefully regulated experiments with pre- 
cipitants, the whole of the suspended matters can 
be thrown down, and from 10 to 25 per cent, of the 
organic matter in solution; the organic ammonia, 
upon analysis, being reduced to 0*40, or slightly 
less. But in practice, by precipitation, the solid 
matters in suspension, and not more than 10 per 
cent, of the organic matter in solution, are removed. 

The removal of the suspended matter is the 
easiest part of the process of sewage purification. 
The change is a physical one, whether the suspended 
matters are arrested mechanically on the surface of 
the soil, as in irrigation, or are entangled by a 
chemical during precipitation, and carried to the 
bottom of a precipitation tank. The rest of the 
purification is a biological action, the organic matter 
in solution not being removed, but oxidized by the 
nitrifying bacteria. 

The results of the analysis of the average sewage, 
after going through these two changes, are exemplified 
in the following Table : — 

Parts per 100,000. Nitrogen as 

Free Organic Nitrites and 

Total Solids. Chlorine. Ammooia. Ammonia. Nitrates. 



Raw sewage 


142 


12-0 


5-0 


10 


Nil. 


After precipitation 


105 


12-0 


4-5 


0-45 


Nil. 


Ditto and filtration 


100 


12-0 


0-5 


0-08 


1-5 
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It will be noticed that by the precipitation the 
suspended matter has been removed, and that the 
solid matter in solution has practically only been 
diminished by the removal of the solid matter in 
suspension, while the chlorine has not diminished at 
all. An effluent, such as that above, if bottled up 
and kept in the dark at a warm temperature may 
become foul, but when diluted with running water 
and exposed to the air and light will not become a 
nuisance. The author has within his knowledge a 
case where a river, after receiving the effluent from 
sewage works, passed down crevices in the bed of 
the stream into a cavity in the limestone, where it 
stagnated without the access of air and light, and 
periodically overflowed into the river. At the times 
when this matter overflowed a considerable nuisance 
from sulphuretted hydrogen was occasioned. The 
organic ammonia in the mixed sewage effluent and 
river water upon analysis was found to be 0*10 part 
per 100,000 ; the effluent itself varied from 0*12 to 
0*25 part per 100,000, and contained no nitrates. 

Bottles of this mixture of river water and sewage 
effluent, in which mixture the organic ammonia was 
O'll part per 100,000, were hermetically sealed 
and placed in the dark for several weeks, when they 
gave off the smell of rotten eggs. The whole of 
the oxygen in solution in the water was taken up 
by the sewage matter. The above experiment is 
sufficient to show that the standard suggested of 0*1 
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per 100,000 of albuminoid ammonia is not unneces- 
sarily stringent; the author suggested it to his 
Authority as a provisional standard until aU the 
sanitary authorities in his county have levelled up to 
it. He is fully aware that many authorities turn out 
effluents with albuminoid ammonia less than 0'05 
or even 0*04 per 100,000; but, in the first instance, 
it is advisable to fix such a standard that all 
Authorities without exception can comply with it. 

The Bivers Pollution Commissioners, in their sixth 
report, gave a large number of analyses of effluents 
from sewage farms ; the organic ammonia is not given, 
but the organic nitrogen is given as 0'191. If we 
take the organic ammonia which will be yielded as 
two-sevenths of this, 0*054 would be the organic 
ammonia in the effluents tabulated by them. It will 
be remembered that the organic nitrogen which they 
suggested should be taken as a standard in 1868 
was 0*3; again, taking two-sevenths of this as the 
organic ammonia, we have a standard of 0*086, a 
more severe standard than the one suggested. The 
London County Council experiments on various 
methods of filtering sewage also showed that a 
standard of 0*1 per 100,000 could easily be complied 
with. The average result of 14 experiments on 
filtering through coke breeze was 0*1 per 100,000; 
and after filtering through polarite, 0088 per 100,000. 

The Sewage Committee of the British Association 
reported in 1870 that the effluent water from the 
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sewage farm at Eomford contained 0*037, 0*035, and 
0*036 parts of albuminoid ammonia per 100,000. 
The following year (1871) they reported the effluent 
contained 0*064 and 0*045, while the effluent from 
Norwood farm contained 006, and the Tunbridge 
Wells farm 0*09 ; the effluent water from Eeigate 
farm contained 0*06 part per 100,000 of albuminoid 
or organic ammonia; and the effluent from the 
Berley sewage farm contained from 0*039 to 0*05 
parts per 100,000. It will, I think, therefore be 
conceded that a standard of 0*15 part per 100,000 of 
albuminoid ammonia, and 1*5 of oxygen absorbed at 
80° Fahr. in four hours, is one that all Authorities 
should be called upon to comply with, the danger 
of diluting down to this standard being prevented 
by also insisting upon the effluent containing at 
least 0*25 part per 100,000 of nitrogen in the form 
of nitrates. 



CHAPTEE III. 

VARIETIES OF SEWAGE AND THE CHANGES 

IT UNDERGOES, 

Chemical composition of different sewages — Variations in the 
Chlorine — Night and day sewage — Houriy variations in flow 
and composition — Changes sewage undergoes by keeping — 
Purification effected by clarification, nitrification and bacte- 
riolysis — Importance of sewers being self-cleansing — Table 
giving maximum discharge of various sized sewers at 
different inclinations. 

The following Table gives the average composition 
of a number of sewages. It will be seen that 
American sewage is much weaker than English, 
this of course being due to the larger amount of 
water used. Buxton also has an exceptionally weak 
sewage> the water from the celebrated public springs 
being passed into the sewers. It should be pointed 
out that Buxton is a water-closet town. A com- 
parison of this sewage or that of London and of the 
36 water-closet towns, with that from the 20 midden 
towns, clearly shows that the sewage from a water- 
closet town is no stronger than that from a midden 
town. 
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The chlorine, it will be seen, varies from 2 to 178 
parts per 100,000. In the strongest domestic sewage, 
when the water supply is only 5 or 6 gallons per 
head, the chlorine will be about 15 parts per 100,000 
over that in the drinking water. The strongest 
domestic sewage the author is aware of is that 
given in sample No. 12, and the chlorine was 19*6. 
It was from a group of new houses, all of which 
were provided with slop water-closets, the excreta 
being removed by the slop water accumulating in 
tipplers which automatically flushed the closets. 

In the case of the Berlin sewage the chlorine is 21*8. 
This high amount of chlorine is accounted for by 
the fact that from the baths in the Admiral's Gardens 
2,000,000 kilograms of salt pass yearly into the sewers. 
At Salford the high chlorine is accounted for by the 
bleach, dye, and other manufacturers' wastes which 
enter the sewers ; and the extremely high figure in the 
Wolverhampton sewage is caused, of course, by the 
galvanizers' pickle. The albuminoid or organic am- 
monia is on the whole the most important result of 
analysis to look at, as it is an index of the polluting 
organic matters. It varies from about 0*25 in weak 
sewage to 3, or occasionally more, parts per 100,000. 

It has been pointed out that the composition of 
sewage varies at different times of the day. Thus 
the Sewage Committee of the British Association, in 
their Report for 1870, give the following analyses 
of Bury sewage : — 



DAY AND NIGHT SEWAGE. 
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Farts per 100,000. 




Collected daring day. 


Collected during night. 


Total solids 

Solids in suspension 

Chlorine 

Ammonia 

Organic ammonia 


137 
64-8 
13-6 

3-8 

0-198 


38-6 
Trace 
4-7 
0-76 
04 



This variation in the composition of sewage is a 
matter that must be carefully borne in mind, as it 
has frequently been taken advantage of by interested 
persons to show an undue percentage of purification. 
If it takes five hours for the sewage to pass through 
the purification works, and a sample of the effluent 
and the raw sewage are taken at the same time, 
say about ten a.m., it will be evident that the effluent 
is from the night sewage ; and in the case of Bury, 
though no purification at all were taking place, it 
might be claimed that the organic matter as indicated 
by the organic ammonia was being reduced nearly 
80 per cent. The determination of the chlorine in 
the sewage would, however, show that the sewage 
and the effluent were not comparable. One reason 
for the night sewage becoming so weak is that water- 
taps are left running, as well as the dilution of the 
sewage with the subsoil water. This leakage of the 
subsoil water into the sewers took place to a much 
greater extent with the old brick sewers than it does 
with sanitary pipe sewers laid with cement joints. 
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In 1870 Mr. Bailey Denton reported to the Sewage 
Committee of the British Association that at Black- 
pool the sewage was actually 1,000,000 gallons a 
day, when the amount calculated from the water 
supply was 250,000 gallons, while at Hartford the 
discharge from the sewers was nine times the water 
supply. On a sewage farm recently constructed in 
the author's district, before a single house was 
coupled with the sewers, 40,000 gallons a day of 
water were delivered at the farm. 

The following hourly estimations, by Mr. P. Perkins, 
r.I.C, of the chlorine in the Exeter sewage, show, 
when taken in conjunction with the hourly gaugings 
of the sewage, that its strength gradually increases 
in the daytime jpari passu with the volume of the 
sewage : — 

Parts per 100,000. 
Chlorine. 

. 2-2 

. 2-6 

3-2 

4-4 

9-2 

10-8 

10-2 

8-0 

8-7- 

6-0 

14-25 

7-0 

7-0 

6-2 

6-0 

6-0 

4-4 



6-20 


a.m. 


7-20 


V 


8-20 


») 


9-20 


» 


10-20 


)> 


11-20 


)> 


12-20 p.m. 


1-20 




2-20 




3-20 




4-20 




5-20 




6-20 




7-20 




8-20 




9-20 




10-20 





11-20 


p.m. 


12-20 


a.m. 


1-20 


» 


2-20 


» 


3-20 


1) 


4-20 


» 


6-20 


iy 
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Farts per 100,000. 
Chlorine. 

. 4-6 
4-0 
3-4 
2-8 
2-6 
2-6 

. 2-3 

N.B. — The chlorine in the drinking water is 1*3, but that in the 
subsoil water will probably be higher. 

In every case the sewage becomes weaker in the 
small hours of the morning, and where the sewers 
have tapped much ground water it becomes for an 
hour or two, about 4 a,m., quite clear and almost 
innocuous. 

The diagrams in Fig. 2 (next page), after Santo 
Crimp, show the variation in the hourly flow of 
the sewage at a number of towns, and they should 
be compared with the estimations of the chlorine in 
the Exeter sewage. 

As a rule, half the sewage passes off in eight hours, 
viz. 9 a.m. to 5 p.m. As there is always some 
leakage of subsoil water and some dilution from 
water-taps left running, it will be obvious that the 
sewage will be most diluted when the flow is least, 
and strongest when the flow is greatest. The fresher 
the sewage the less the organic matter in solution, 
and the more the sewage is agitated by pumping, 
etc., the more the solid matter is broken up and 
the more it enters into solution. 

D 
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In addition to the variations due to the aw/}M,ni 
of water, a considerable difference in the nature of 



'iG. 2.— Diagram ebowing Hourlt Plow of Sewage (reproduoed, 
bf permission, from W. Santo Crimp's " Sewage DiBpoeal Woike," 
publidied by C. OrifBn & Co,, Limited, Louden). 
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sewage is caused by the quality of the water in use 
in the district, and this is a point which has 
some influence on the question of treatment. From 
the point of view of the sewages they produce, 
waters may be grouped into three classes: soft 
waters, such as upland surface waters ; waters with 
a moderate temporary hardness; and waters of a 
high permanent hardness containing sulphates. 

The sewage from a town with a soft water will 
probably have to have lime added to it in the pro- 
cess of treatment to act as a base to the nitric acid 
which, we shall see, it is the object of sewage puri- 
fication to form ; while sewages formed from waters 
of the last group are liable to undergo decomposi- 
tion with the production of sulphuretted hydrogen 
from the reduction of the sulphates ; so that on the 
whole a water with a moderate temporary hardness 
from carbonate of lime in it forms the easiest sewage 
to treat. 

From what has been said, it will be seen that 
sewage is an extremely complex and unstable liquid. 
When quite fresh it is practically inodorous, and, if 
not coloured by manufacturing wastes, is opalescent 
and of a light grey colour. Allowed to stand in a 
glass, a varying amount of solid matter will be seen 
to settle to the bottom, while particles of suspended 
matter, such as filaments from paper and fabrics, 
albuminous flocculi of animal tissues, and shreds 
of vegetable matter, will be found floating in it ; and 
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upon the surface particles of a fatty and soapy 
nature will accumulate. 

The great bulk of the nitrogen in the sewage leaves 
the human body in the urine in the form of urea. 
Chemically, urea, which is the last product of the 
oxidation of albuminous foods, is of the following 

composition, CO J JT■g^ and when obtained pure and 

dry assumes the form of colourless glistening crystals, 
without smell, and of a cooling and nitre-like taste. 
But almost immediately upon leaving the body it is 
attacked by one or other of two micro-organisms 
constantly present in the air, the bacillus urece and 
the micrococcus urece of Pasteur. Both of these 
organisms rapidly convert urea into carbonate of 
ammonia. The change which takes place may be 
expressed chemically as follows : — 



CO I 



UREA + WATER. Carbonate of Ammonia. 

g|j OH2 = (NH4)2C03 



This is the substance which gives stale urine and 
stables their pungent smell. 

By the time the sewage reaches the sewage disposal 
works, as a rule the urea is completely transformed. 
If the sewage is kept without undergoing purification 
for a day or so it undergoes putrefaction, and begins 
to give off foul emanations; in the course of two 
or three days the albuminous matters begin to split 
up, and the sewage, particularly when the water 
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contains sulphates, yields sulphuretted hydrogen, 
which is known by its characteristic odour of rotten 
eggs. When this gas is formed the sewage becomes 
black. As the above changes take place, more and 
more of the solid matter enters into solution, and 
the sewage becomes proportionately more difficult 
to treat, at any rate by a precipitation process. 

The changes which take place may be expressed 
by the following empirical formula : — 

2 parts of albumen/ take up 18 parts of water, 

consisting of— consisting of— 

7 atoms of carbon 
1 



„ hydrogen i i o /2 atoms of hydrogen 
„ „ nitrogen "*" ^ \1 „ „ oxygen 
3 „ „ oxygen 



2 



and thus form 

8 parts of 
2 parts of carbonate of 2 parts of marsh carbonic acid, 7 parts of 

ammonia, consisting of— gas, consisting of— conslstiug of— hydrogen 

II atom of carbon (1 atom of (1 atom of • i.« r 

8 atoms of hydrogen J carbon J carbon consistmgof 

2 „ „ nitrogen ^ 4 atoms of ^2 atoms of )r f^^^ ^^ 

3 „ „ oxygen [ hydrogen [ oxygen ^ rogen 

and 2 parts of carbon monoxide, consisting of 2 atoms of 
carbon and 2 atoms of oxygen ; 

or briefly thus : — 

2C7HNa03 + I8H2O = 2(NH,)2C03 + 2CH4 + 8CO2 + TH^ + 2C0 

From what has been said, I think it will be seen 

* The percentage composition of albumen is approximately 52 
parts carbon, 7 parts hydrogen, 22 parts oxygen, 16 nitrogen, and 
1 sulphur. 
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that there can be no one process equally suitable 
for every sewage, but that the method of treatment 
for any particular sewage must depend upon the 
nature of the sewage, its freshness at the outfall, 
the character of the manufactures, and the quantity 
and quality of the water supply of the district. 
There are, however, certain general principles which 
are the same in every process of sewage purification, 
from irrigation on a sewage farm to the latest 
artificial schemes of purification by precipitation and 
filtration through specially constructed filters. 

Instead of describing the various processes which 
are now in use according to the name of the process 
or the name of the inventor of the process, I propose 
to deal with the subject under three chief headings : 
(1) The defoecation or clarification of the sewage, by 
which I mean the removal of the solid matters in 
suspension, this generally being effected by precipi- 
tation ; (2) The nitrification of sewage, by which is 
meant the conversion of the polluting nitrogenous 
matter in solution into nitrates ; and (8) The bacterial 
process, or the new departure, including the Exeter 
septic process, in which the solid matters are split 
up by anaerobic germs which work in the absence 
of air, and the other processes in which aerobic 
organisms are utilized. 

As the solid matter in suspension in the sewage 
can be entirely removed, while that in solution 
cannot be removed, but must be oxidized to render 
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it harmless^ it follows that the sewers should have 
a good gradient so as to bring the sewage as rapidly 
as possible to the outfall works. Where much 
manufacturing waste containing organic matter and 
hot water is poured into the sewers, there is still 
greater need for the sewage to be brought quickly 
to the outfall works. This is more especially the case 
with brewery waste, which contains much unstable 
organic matter, degenerate yeast, a lot of water used 
in the cooling, and, as a rule, a water supply contain- 
ing sulphates. 

When such conditions as the above are present, it 
is most important that there should be no chance 
of even a temporary deposit in the sewers, and 
every means should be taken to cause the sewage 
to flow as rapidly as possible, as unless this is done 
the organic matter will be split up, the sulphates 
reduced, and large volumes of sulphuretted hydrogen 
be evolved, which gas will enter into chemical 
combination with the iron salts or lime used as a 
precipitant, and thus render them to that extent 
inert, so that large quantities of the precipitant have 
to be used. 

The following observations on "bottom velocities" 
were made by the late Mr. Beardmore : — 

30 feet a minute will not move clay with sand and stones. 

40 „ „ will move coarse sand. 

60 „ ,, „ „ pea gravel. 

120 „ „ „ „ 1 in. rounded pebbles. 

180 „ „ „ „ IJ in. angular stones. 
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The bottom is between three and four-fifths of the 
surface velocity^ and it should always be sufficient 
to render the sewer self-cleansing. Under no con- 
dition should the velocity be less than two feet per 
second. 

The following Table gives the maximum discharge 
per minute of various sized sewers within the range 
of permissible fall. A glance at it is sufficient to 
show that, if a sewer had only to convey the sewage 
undiluted with rain water, much smaller sewers than 
are generally used would be sufficient, but there is 
also a certain amount of rainfall which must be 
allowed to enter the sewers; this is usually calcu- 
lated at \ of an inch per diem upon the inhabited 
area. After the normal dry weather sewage is 
diluted 8 times with rain water. It should be 
arranged for storm overflows discharging upon the 
surface of rough open filters to come into action. 
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Table giving the Maximum Discharge* 

IN Gallons per Minute of Various Sized Pipes at Different 
Inclinations within Permissible Limits. 





4" Pipes. 6" ] 


Pipes. 9" 


Pipes. 


12" Pipes. 


16" Pipes 


. 18" Pipes 


24" Pipes. 


Rate of 

Ikgukation. 


Discharge Discharge Discharge 


Discharge 


Discharge 


Discharge 


Discharge 


^»*' ^^MMAA^ ^^ A A^^AI • 


in gallons in gallons in 


gallons 


in gallons 


in gallons 


in gallons 


in gallons 




per min. per 


min. per min. 


per min. 


per min. 


per min. 


per min. 


1 in 5 ... 


410 1( 


)96 2 


!902 


5746 


9728 


14900 


29059 


1 J, . o ... 


378 1( 


)16 2 


700 


5369 


9117 


14009 


27433 


1 jj 1 ... 


352 i 


)51 2 


538 


5061 


8612 


13267 


26080 


J- jj o ... 


332 i 


m 2 


400 


4801 


8188 


12632 


24909 


A J, y ... 


314 ^ 


151 2 


287 


4581 


7821 


12077 


23887 


1 „ 10 ... 


299 6 


J12 2 


186 


4385 


7503 


11603 


22989 


■*• JJ AD ... 


246 i 


;74 1 


828 


3695 


6356 


9865 


19718 


1 „ 20 ... 


210 t 


)88 1 


602 


3250 


5582 


8743 


17543 


i. yj i20 ... 


191 t 


)28 1 


441 


2936 


5077 


7927 


15978 


1 )j 0\) ... 


174 4 


t83 1 


324 


2697 


4672 


7310 


14782 


A J) oO ... 


161 4 


146 1 


227 


2510 


4351 


6817 


13803 


1 „ 40 ... 


151 4 


118 1 


151 


2354 


4090 


6406 


12999 


A yy 40 ... 


141 2 


m 1 


087 


2222 


3869 


6060 


12339 


A yy OU ... 


133 2 


174 1 


032 


2113 


3678 


5781 


11647 


1 „ 60 ... 


122 a 


140 


944 


1932 


3364 


5296 


10787 


1 „ 70 ... 


... c 


;i3 


873 


1790 


3119 


4911 


10045 


A JJ o\) ... 


2 


•91 


814 


1673 


2920 


4602 


9416 


1 „ 90 ... 


2 


!74 


768 


1575 


2752 


4338 


8893 


1 „ 100 ... 


2 


60 


727 


1496 


2614 


4118 


8456 


1 „ 120 ... 


• • • • 


• • 


661 


1359 


2385 


3765 


7733 


1 „ 140 ... 


• • • • 


• • 


607 


1256 


2202 


3479 


7148 


1 „ 160 ... 


• • • • 


• • 


567 


1174 


2057 


3259 


6699 


1 „ 180 ... 


• • • • 


• • 


• • • 


1100 


1934 


3061 


6306 


1 „ 200 ... 


• • • ■ 


» • 


t • • 


1041 


1827 


2896 


5962 


A JJ i&OU ... 


• • • • 


• • 


t • • 


924 


1629 


2576 


5325 


1 „ 300 ... 


• • t • 


i • 


» • • 


841 


1475 


2345 


4855 


A JJ oOU ... 


• • • • 


» • 


» • • 


• • • 


1361 


2158 


4460 


1 ,j 400 ... 


• • • • 


» • 1 


1 • • 






1269 


2015 


4170 


1 „ '450 ... 


• • • • 


k • 1 


t • • 








1893 


3916 


1 „ 600 ... 


• « • • 1 


• i 


* • • 








1784 


3700 


A JJ OOU ... 


• • • • • 


• 1 


• • 








1695 


3524 


1 J, 600 ... 


• • • • < 


• 1 


• • 








1618 


3367 


1 yy 700 ... 


• • m • « 


• 4 


• • 








• • • 


3075 


1 J) 800 ... 


• • • • t 


• 1 


• • 








• • • 


2878 


A JJ yuu ... 


• • • • • 


• « 


• • 








• • • 


2702 


1 ,j 1000 ... 


• • ■ • • 


• « 


• ■ 








• • • 


2545 



♦ By Weisbach*B fommla : see also the " Engineer's Year Book." Crosby 

Lockwood & Son. 
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CHAPTEE IV. 

RIVER POLLUTION AND ITS EFFECTS. 

Self-purification of rivers — Bacterial purification, by sedimentation, 
by biological changes — Gross pollution causing nuisance — 
Ptomain poisoning from polluted waters — Effects of polluted 
water on oyster culture — Typhoid fever and polluted river 
water. 

Biver FoUntion. — Having described what sewage is, 
and the various points that have an influence upon 
its quality and quantity, it would be well to briefly 
consider the results of pouring it directly into the 
streams and watercourses. 

The Sixth Eeport of the Eivers Pollution Commis- 
sioners deals fully with the so-called self-purification 
of rivers. The Commissioners came to the conclusion 
that sewage mixed with twenty times its volume of 
pure water would only be about two-thirds purified 
in a flow of 168 miles, at the rate of one mile an 
hour. They also showed that a 5 per cent, solution 
of London sewage in highly oxygenated water was, 
in the course of five days, practically devoid of 
oxygen, and would therefore be unable to support 
fish life. It is probable that the Commissioners 
underestimated the amount of purification which 
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takes place when the pollution i& not sufficient to 
deprive the water of all its oxygen in solution. When 
the pollution is sufficiently great to deprive the water 
of all its oxygen in solution, the natural biological 
cycle of vegetable and animal water life is stopped, 
and no purification, except by subsidence and decom- 
position of mud, takes place. 

When sewage matter is turned into a running 
stream the heavier insoluble mineral particles 
gradually subside, and in falling to the bottom 
they entangle a certain amount of organic matter, 
and some purification is thus effected. It is obvious, 
however, that where the current is not rapid, as in 
tide-locked rivers, in lakes and mill dams, a cer- 
tain amount of silting up must occur. The extent 
to which this takes place will be appreciated when 
we examine the cost of dredging the Manchester 
Ship Canal, periodically published in the Manchester 
Guardian. I find that in 1896, 600,000 cubic yards 
of sludge were removed; 400,000 being contributed 
by the Irwell, and 200,000 by the Mersey and Bollin. 

The nature of the deposit will be seen from the 
following analysis by Mr. W. Naylor, F.C.S., of the 
mud taken from Salford dock after being dried at 
100° C. :— 



Organic matter 
per cent. 


Silica and in- 
soluble matter 
per cent. 


Carbonate of 
lime per cent. 


Oxide of iron 
per cent. 


Alumina and 

oUier metallic 

oxides per cent. 


14 


77-6 


36 


4-0 


0-9 
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The river Bhone presents an excellent example of 
self-purification by subsidence. It enters the Lake 
of Geneva at its head, discolouring its waters for 
several miles by its rapid, turbid stream. A delta 
between six and seven miles long has been formed, 
and is said to be growing at the rate of a mile every 
five hundred years Haying thus deposited its mud! 
it leaves the lake a clear blue limpid stream. 

Besides subsidence, there is a certain amount of 
oxidation taking place, particularly in the presence 
of salts of iron. Putrescent sewage reduces these 
salts to the ferrous state; ferrous sulphide giving 
sewage its characteristic black colour. These ferrous 
salts, in the presence of oxygen dissolved in water, 
become oxygenated ferric salts once more, to give 
up their oxygen to the sewage matter and again 
become ferrous salts. It is probable that nitrates 
are reduced to nitrites, and nitrites again to ammonia, 
through the action of putrescent organic matter in the 
presence of iron salts. Dr. Stevenson also suggests 
that compounds of iodine act as oxygen carriers. 

Leaving the physical and chemical changes which 
take place when the sewage is added to running 
water, we now come to the consideration of the 
biological changes. The bacteriological life in river 
waters has during the last ten years been made the 
subject of many investigations in England and 
America, and on the Continent. The Water Besearch 
Committee of the Eoyal Society, and Dr. Frankland, 
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have published in this country most important con- 
tributions upon this subject, more particularly upon 
the vitality of pathogenic organisms in river water. 
It is found that the typhoid bacillus and the bacillus 
of tuberculosis will live in river water for many days, 
the cholera organism for several months, and the 
anthrax bacillus for as long as two months. 

One point upon which all authorities are agreed 
is that the number of bacteria in river waters in the 
summer months is much smaller than during the 
winter; the reason for this is that during the dry 
weather the rivers are chiefly formed of spring water, 
while in the wet season they receive the washings 
from manured fields, the sewage coming through 
storm overflows, and the washings from street^ and 
cultivated land. 

The bacteria in sewage may amount to almost any 
number, as many as 30,000,000 to a cubic centi- 
metre having been estimated. From this it will be 
obvious that one of the effects of turning sewage into 
a river must be to increase its bacterial contents. 
The following are the results obtained in specific 
cases by well-known observers : — 

The Derwent. 

Above Derby. Below Derby. 

1870. 19440. 

The Rhone. 

Above Lyons. Below Lyons. 

75 per c.c. 800 per c.c. 

G. Roux. 
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The Saone. 
586 per c.c. 4280 per c.c. 

G. Roux. 

The Spree. 

In Berlin. Below Berlin. 

2000 to 20,000 per c.c. 60,000 to 500,000 per c.c. 

At Sacrow below Havel Lake. 

1500 to 20,000 per c.c. M. Frank. 

It should be explained that Havel Lake is seven 
miles long, and from a quarter to over one mile in 
width. The comparative great bacterial purity of 
the river at Sacrow is due to the subsidence and 
sedimentation in Havel Lake. Prausnitz gives the 
number of bacteria in the Iser above Munich as 530 
per cubic centimetre, while 13 kilometres below the 
town it is 9111 ; 22 kilometres away the number falls 
to 4796; and at Freising, 33 kilometres below Munich, 
the number is reduced to 2378. The time occupied 
by the Iser in flowing from Munich to Freising is 
about eight hours. 

Other remarkable instances of the bacterial purifi- 
cation of river waters by sedimentation are recorded 
by Dr. Percy Frankland ; * but all the instances are 
open to the criticism that the results obtained are 
not wholly due to subsidence, but are also partly due 
to dilution. Some 150 varieties of bacilli and 40 
varieties of micrococci in their growth attack organic 
matter and liquefy certain albuminous substances. 
The soluble products of the decomposition of this 
organic matter are absorbed by algsB and other plants 

* Frankland, " Micro-Organisms in Water." Longmans. 
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of low type. These minute forms of vegetable life 
are the food stuff for rudimentary species of animal 
life, which serve in turn to nourish the larger 
animalculsB, which in their turn are the food stuff of 
fishes. These changes take place only when the 
water contains oxygen in solution. When the water 
contains no oxygen other series of bacteria grow in 
the water, and in their growth, as a rule, produce 
noxious emanations. 

If the sewage is only small in amount, coarse fish 
live on the particles of fat, etc., which are suspended 
in it; eels and molluscs too flourish in the mud 
deposited, and effect a certain amount of purification. 
Here again, if the pollution goes beyond a certain 
limit, the fish will disappear, and the purification 
effected by them will cease. The green weeds, like 
all chlorophyllous plants, give off oxygen, which in 
the nascent state is a most active oxidizing agent. 

It is not probable that nitrifying organisms grow in 
water to any great extent, as they require exposure 
to the air, but in mud the organic matter is attacked 
by putrefactive organisms, with the result that marsh 
gas is evolved ; bubbles of this gas may be seen rising 
to the surface of any mud bank of a polluted stream, 
and in this way a certain amount of purification is 
effected. If the organic matter contains much sul- 
phur, sulphuretted hydrogen is also evolved. This 
way of getting rid of the organic matter is most 
undesirable, as more or less of a nuisance is bound 
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to be caused, and it is merely mentioned as a matter 
of scientific interest. 

The nuisance formerly caused by the discharge of 
the unpurified sewage of London is notorious. The 
Metropolitan Sewage Commissioners reported in 1884 
that in hot weather very serious nuisance was caused 
by the foul state of the water, the smell being most 
offensive, and the water unusable; that the sand 
dredged near the outfalls, which formerly was pure, 
was contaminated with foul mud, and that for fifteen 
miles below the outfalls the fish had disappeared 
from the river. During the Commissioners' inquiries 
they had occasion to embark upon the Thames, and 
three out of the five who went upon the river, 
together with the clerk who attended them, were 
attacked during the night of their excursion with 
severe diarrhoea, which they attributed to the nau- 
seating odour from the river. Of course, nuisance of 
this kind arises where the sewage discharged into 
the river is large, and sufficient to use up all the 
available oxygen in solution in the water. 

But it is not necessary for pollution to take place 
to this extent to become dangerous. In the grosser 
forms of pollution alluded to, the river water is, of 
course, unfit for use for any purposes except irriga- 
tion. It is not even fit for washing the floors, much 
less for milk-cooling, for cattle to drink, and the 
washing of dairy utensils. In this connection it is 
as well to point out that one of the commonest bacilli 



48 SEWAGE PURIFICATION. 

in ordinary sewage is the bacillus coli communis, the 
common bacillus of the animal intestine. In a 
report made to the London County Council by Dr. 
Andrewes and Mr. Lawes it was shown that the 
number of these bacilli present in sewage varied from 
20,000 to 200,000 per cubic centimetre. As is well 
known, bacilli coli in their life processes elaborate 
dangerous ptomains, and if water in which these 
bacilli were present was used for washing out milk- 
vessels, disastrous consequences from ptomain poison- 
ing might ensue. Similarly mussels from beds which 
receive sewage give rise to ptomain poisoning. When 
typhoid bacilli are in the sewage under the above cir- 
cumstances outbreaks of typhoid fever would follow. 

Where river water polluted with sewage is even 
more dangerous is where it has access to oyster-beds. 
The Twenty-fourth Annual Eeport of the Local 
Government Board contained a supplement on 
"Oyster Culture in relation to Disease." In this 
report it was clearly shown that a number of out- 
breaks of typhoid fever, both in this country and 
in America, were caused by the consumption of raw 
oysters, which had been exposed in the fattening- 
beds to sewage-contaminated water. Indeed, the 
report goes so far as to say that only a few of the 
fattening-beds in the country can be regarded as 
theoretically free from possible chance of sewage 
pollution. 

As instances of the conditions then existing. 
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Cleethorpes may be quoted. These layings, which 
are among the largest in the country, are situated 
three-quarters of a mile below one outfall and a mile 
and a half below the other outfall from Cleethorpes, 
the two sewers bringing the sewage from a population 
of about 7500. From one mile to one mile and a half 
higher up the river than these sewers Grimsby, with 
a population of 60,000, drains into the river. Similar 
conditions exist at Southend, Medina river, and other 
well-known oyster-beds. 

One of the well-known outbreaks of tjrphoid fever 
due to oysters is that which occurred amongst 
the students of Wesleyan University, Middletown, 
Connecticut, U.S.A. This outbreak affected a number 
of the students and their friends who attended the 
initiation suppers. The evidence in this case is as 
follows : — 

1. The dates of the cases plainly point to a single 
source of infection. 

2. This source of infection coincides as to date 
with the initiation suppers. 

3. Four guests at the suppers, having no further 
connection with the College, developed typhoid 
simultaneously with the cases in the College. 

4. The cases of typhoid occurred only amongst 
those attending three out of seven banquets. 

5. Only one article of food was consumed at the 
three banquets that was not consumed at the other 
four, viz. raw oysters. 

E 
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6. Twenty-five per cent, of those who consumed the 
oysters in question were attacked. 

7. These oysters came from a creek 300 feet below 
the outfall of a sewer discharging sewage from a 
house where there was typhoid fever. 

That the reality of this danger is appreciated by 
the public will be seen by the fact that the London 
Fish Trade Association petitioned the Government to 
ask Parliament to pass a Bill prohibiting the pollution 
of fisheries, and have invited the co-operation of the 
various County Councils in the matter. 

Where the pollution is of a less gross nature, and 
the chemist has been unable even to detect it, out- 
breaks of typhoid fever have still been caused by 
drinking the water. The best known example of this 
kind is the now notorious outbreak of typhoid in 
the Tees Valley investigated by the late Dr. Barry, 
of the Local Government Board, of which Sir Eichard 
Thorne has well said, " Seldom, if ever, has proof 
of the relation of water so befouled to wholesale 
occurrence of enteric fever been more obvious and 
patent.*' 

The chief facts of this outbreak are shown on 
the diagram. Fig. 3. The population of the ten 
Eegistration Districts affected was 603,616. Of this 
number 219,435 drank water supplied by water 
companies who drew their supplies from the Tees, 
the water being filtered through sand-filters; the 
remaining population of 284,181 obtained their 
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supplies from other sources. The first population 
had an attack rate of 29 and 24 per 10,000 for the 
two six-week periods, and the other population had 
an attack rate of 3*5 and 1*5 for the same periods. 

Eeference to Fig. 3 will show that the two outbursts 
of typhoid fever followed closely upon two very heavy 
rainfalls, which, as a matter of fact, washed out privy- 
middens and other filth into the river. The total 
population on the watershed above the intakes of 
the water companies is about 21,000, of which about 
12,000 drain more or less directly into the river Tees. 

From the above instances it will be seen that no 
direct contamination of river water with unpurified 
sewage, however slight, should be tolerated, particu- 
larly above the intakes of any water company.* 

• Cf. page 121. 



CHAPTEE V. 

THE LAND TREATMENT OF SEWAGE, 

Sewage farms — Only indicated where soil is suitable— Clay lands 
nearly useless — ^The theory of nitrification — ^Intermittent down- 
ward filtration — ^Irrigation proper — Stratford-on-Avon farm — 
Edinburgh farm — Paris farm — Berlin farm — ^Proper method of 
laying out and working a farm — Quantity of land required — 
Fallacy of the manurial value of sewage. 

Sewage Farms. — Perhaps the simplest method of puri- 
fying sewage, and undoubtedly the cheapest and the 
best where local circumstances permit of its being 
carried out, is by means of irrigation, by which 
I mean land treatment alone, including a certain 
amount of intermittent filtration. Unfortunately, 
however, it is not everywhere that a suitable soil is 
to be found, and if it can be found the price may be 
prohibitive. Nevertheless, the first inquiry to be 
undertaken with reference to the means of purifying 
the sewage of any district is to ascertain the nature 
of the soil and subsoil of the locality. Tor this 
purpose the author has found a short boring tool 
most useful. By means of a rod about four or five 
feet in length and haK to three-quarters of an inch in 
diameter, made like a cheese-taster, pieces of core 
within three or four feet of the surface may be 
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obtained. The geological maps are also extremely 
useful, but their accuracy must not be taken for 
granted. The best soil for the purpose of purifying 
sewage by irrigation is an open sandy soil, such as 
is met with in the Banter sandstone, or the sandy 
gravels deposited in many valleys. 

The older Authorities complicated the question as to 
what is the best soil for purifying sewage by trying 
at the same time to grow a remunerative crop. There 
can be no doubt that the answer given by the great 
bulk of the older Authorities to this particular question 
was the correct one — namely, a sandy or loamy soil, 
the soil not being of too open a nature. In fact, the 
soil should be of such porosity that it would absorb 
at the same rate that it would purify — that is to 
say, it should not be capable of absorbing more than 
25,000 gallons per acre per diem, even if the sewage 
has the suspended matters first removed by means 
of precipitation. 

But if the purification alone of sewage is aimed at, 
and n*o return from crops is looked for, a much more 
open soil is most suitable ; and if the sewage, after 
undergoing a rough form of precipitation, is only 
applied intermittently for a few hours and the soil 
is given a rest for several days before any more is 
applied to it, a much larger quantity of sewage than 
this — indeed, as much as 100,000 gallons per diem 
per acre — can be purified.* 

* Cf. actual working of Stratford-on-Avon intermittent filters, p. 69. 
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The danger with open soils is that more sewage 
will be applied than can be oxidized. What is 
generally taken by the average sewage farm as an 
indication not to apply more sewage is the fact 
that the soil begins to absorb less readily. It 
cannot be too emphatically stated that when this 
point is reached the land is overdosed. Provided, 
however, that too much sewage is not applied to 
the land, and if care is taken in this respect, the 
more open the soil is the better, if it is a good 
thickness and the subsoil is fine gravel and uni- 
form in texture. Even blown sand on the seacoast 
will thoroughly purify sewage, if it is applied in 
small quantities at a time and the application is 
stopped before the sewage reaches half-way to the 
land-drains. 

It cannot be too clearly understood that there is 
no relation between the quantity of sewage that can 
be got to pass through the soil and the quantity of 
sewage that can be purified; for instance, a thin 
soil overlying a shaly open rock will take any 
amount of sewage, but will not purify more than a 
retentive clay. 

The following are some of the formations the soils 
of which are suitable for purifying sewage : alluvial 
drift and gravel, the chalk, oolitic sandstones, hunter 
sandstone, and the magnesian limestone when suffi- 
ciently weathered; the old red sandstone, and 
occasionally the millstone grit. 
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In almost every formation beds of clay are to be 
found, and it should not suffice to have one or two 
trial -holes sunk, but trial-holes should be dug on 
every side of the piece of land it is proposed to 
irrigate, and bore-holes to a depth of four feet should 
be made at intervals all over the site. 

The most unsuitable soil, and, unfortunately, one 
of our commonest, is clay land. It is said that clay 
lands can be rendered more fit for filtration by 
ploughing and digging-in ashes, which convert the 
impervious surface and allow the sewage to sink 
through. There are in Derbyshire two farms upon 
which considerable sums of money have been spent 
in thus preparing the land, in one instance as much 
as £1123 being spent in lightening 14 acres of land 
to a depth of two feet with engine ashes. It is 
perfectly true that this enables the sewage to pass 
through the clay, but it does not lead to the purifi- 
cation of the sewage, and where the land is a stiff 
clay it undoubtedly would be better to construct 
sewage filters. 

Clay lands, besides being too impermeable to permit 
the sewage to pass through them, are unfortunately 
open to another objection — viz. that in dry weather 
they crack and fissure, so that the sewage passes 
directly through the cracks to the land-drains without 
undergoing any purification. Worms also leave 
permanent holes in clay, which last for a considerable 
length of time, and permit the sewage to pass down. 
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At a small farm at Brampton in Derbyshire the 
sewage contained a considerable amount of dye-water, 
and upon a trial- hole being sunk on the said farm, 
which is a stiff clay, the author found innumerable 
worm-holes passing directly downwards to the effluent 
drains, the worm-holes having their sides saturated 
with dye, and showing how the sewage passed away 
absolutely unpurified. 

Instead of attempting to lighten clay lands where 
this is the only land available, sewage filters should 
undoubtedly be adopted. 

The researches of Warington, Schloesing, and 
Muntz, and of the Massachusetts State Board of 
Health, have shown that the number of nitrifying 
organisms in soils of sewage filters rapidly diminishes 
from the surface downwards. Small quantities of 
soil taken at different depths from the surface at 
Bothamsted showed that in clay soils no nitrifica- 
tion takes place at a greater depth than eighteen 
inches ; in the most porous soils, however, nitrification 
still took place at a depth of four feet from the 
surface. When we bear in mind the quantity of 
oxygen* necessary for the growth of the nitrify- 
ing organisms, these researches only confirm what 
one would suppose to be the case from general 
reasoning. It is possible, however, by under-drain- 
ing very open soils to a great depth, that air may 

• About half the weight of the nitrates produced consists of 
oxygen. 
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be taken down deeper and the process be carried 
on even below four feet. 

Fig. 4 shows the number of bacteria per gram of 
sand at varying depths in a sewage filter, as published 
in the returns of the State Board of Health, Massa- 
chusetts. Beference to the diagram — ^which is taken 
from a communication to the Institute of Civil 
Engineers by C. H. Cooper, C.E. — will show that in 
the first quarter of an inch the bacteria amounted to 
over 1,100,000, and at five inches from the surface 
the number had dropped to about 100,000, so that 
it will be seen that the great bulk of the changes 
effected take place in its upper layers. 

The change effected by a sewage-filter is identical 
with that effected by the soil, and reference should 
now be made to the chapter on Nitrification. The 
only difference is that when sewage is filtered through 
land an attempt is generally made to utilize the 
nitrates that are formed by the nitrifying organisms 
for the growth of vegetables, grass, osiers, etc. It is 
only necessary to point out now that the vegetables 
do not absorb the nitrogen until it is first converted 
into nitrates, or, at any rate, into nitrites, by the 
nitrifying organisms. 

It will lead to a clearer understanding of the 
proper method of applying sewage to land to briefly 
state the method which is usually adopted in filter- 
ing sewage. The sewage is applied to the sewage 
filter for six or eight hours, a penstock at the outlet 
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at the bottom of the filter being partially closed so 
that the sewage passes slowly and uniformly through 
the filter, in order that every particle of sewage shall 
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be brought into intimate contact with the filtering 
medium. After six hours the penstock is opened 
wide, and all the sewage is allowed to drain out. 

As the filter drains dry, air is drawn into the filter 
to fill the spaces between the particles of the filtering 
medium. In this way the nitrifying organisms, 
growing upon the surface and attached to the 
particles of the filtering medium, are supplied with 
oxygen. The whole arrangement is frequently made 
automatic by allowing the sewage (of course first 
clarified by precipitation) to accumulate during half 
an hour in a tank, which automatically discharges by 
means of a flushing syphon on to the surface of the 
filter, and by means of a penstock regulate the rate 
of flow out from the filter, so that the sewage does 
not run straight through the filter, but the surface 
drains dry to a depth of about three inches every 
half-hour. In this way air is drawn into the inter- 
stices of the filter supplying the nitrifying organisms 
with oxygen, and surrounding the particles of which 
the filter is composed with alternate layers of air and 
sewage. After the end of the half-hour the tank is 
again filled, and the syphon discharges the clarified 
sewage on to the filter again. In this way the yitistl 
process of nitrifying bacteria are enabled to be carried 
on. Such a method of aerating filters could not be 
carried on unless ventilating shafts from the bottom 
of the filter are provided to let out the layers of air 
carried down between the layers of sewage. 
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Of course if sewage was applied to land every 

half-hour throagh day and night all the year roand 
no crops could be grown ; 

but if the soil was open g 

the laud would no doubt | 

purify the sewage quite as | 

well as an artificial sewage a 

filter. I 

No hard-and-fast line | 

can be drawn between irri- ^ 

gation and intermittent p 

filtration. The change it 5 ;^ 

is desired to effect is § ^ 

brought about by nitrifying a -^ 

bacteria, and it is the same a d 

in each case, except that ^ % 

in irrigation crops are g I 

grown on the area irri- I 

gated. The sewage being | 

applied with a view of % 

manuring the crops, the | 

sarfoce of the soil is laid J 

out with a uniform fall, so I, 

that the sewage will trickle "^ 

over the surface in a thin ^ 
layer. In intermittent fil- 
tration the euiface of the soil is first levelled and 
then laid out in ditches about eighteen inches wide 

at the bottom and three feet at the top, the spaces 
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between the ditches being two or sometimes three 
feet in width, as shown in Fig. 5. In this case crops 
are grown on the ridges and the ditch is used exactly 
as a sewage filter. 

Intermittent filtration is intensified irrigation. It 
is, in fact, a compromise between irrigation and the 
adoption of sewage filters. It is true that crops are 
grown on the ridges between the ditches, the sewage 
percolating laterally to their roots. On a properly laid 
out sewage farm there should be part of the land pre- 
pared for irrigation and part for intermittent down- 
ward filtration, and it is a good plan to alternate the 
land which is used for these two purposes, as on the 
Berlin, Birmingham, and other large sewage farms. 

Irrigation Proper. — The usual method of carrying 
out irrigation is for the sewage to be brought to the 
highest level of the surrounding land, generally 
through an underground pipe ; from this point it is 
conveyed through an open earthenware or concrete 
carrier along a contour ; branch distributing carriers 
being given off in its course. These branch dis- 
tributing carriers may be allowed to overflow on to 
the surface of the soil which should be laid out for a 
uniform fall of about 1 in 100. The actual fall should 
depend upon the impermeability of the soil. With 
impermeable soil the fall being even less than this. 
The final distributing carriers may be merely furrows 
in the soil itself. With pervious soils far more dis- 
tributing carriers are necessary to spread the sewage 
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evenly over the land than are necessary with retentive 
soils. 

With regard to stiff clay lands, the best results will 
be obtained by irrigating twice over, or even more times, 
as at Leicester, by a catch- water system, as in Fig. 5. 
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Fig. 6. — ^Method of iRBiOATiNa Stipp Clay Land. 



The arrangement of the distributing carriers must 
to some extent depend upon the conformation of the 
land. If it has a gentle slope or is irregular a catch- 
water system should be adopted, the distributing 
carriers running along the slope at various levels, 



64 SEWAGE PURIFICATION. 

the usual distance allowed between two carriers 
being about a chain ; but this distance must depend 
purely upon the slope and the permeability of the 
soil^ with a rapid slope it being a greater distance^ 
and with a very pervious soil less. When the ground 
is level, it must be prepared in broad ridges on the 
ridge and furrow system, the beds being about forty 
feet wide with the feeder along the top of the ridge. 

If the sewage is first clarified by precipitation, 
from half to one-third of the land otherwise necessary 
will be sufficient. The actual population the sewage 
of which can be purified upon an acre of land depends 
upon the nature of the soil. The author has under 
his supervision a farm consisting of about forty 
acres of stiff clay land irrigated with the sewage of 
a population of 600, the greatest care being used to 
apply the sewage intermittently; but he has rarely 
met with a satisfactory effluent therefrom. 

When land is irrigated with raw sewage the solid 
matters in suspension are arrested mechanically on 
the upper layers of the soil. If the sewage is applied 
for longer than three or four hours to the same land, 
the surface nearest to the distributing carrier becomes 
covered with a layer of slime, which, when the 
sewage ceases to be applied to the land, dries and 
forms an impervious film. This not only kills the 
crops, but also prevents the air from entering the 
soil and stops nitrification. Where irrigation is 
adopted, the system used at Berlin — of passing the 
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sewage through roughing tanks to allow deposi- 
tion of the grosser suspended matters — should be 
taken advantage of; or the sewage should be passed 
through a series of cage screens, such as are shown 
in Fig. 7, which arrest a much larger proportion of 
solids than the ordinary fixed screens. 

Unless the land is of a very porous and open 
nature it will be necessary to do even more than 
this, either by constructing precipitating tanks and 
adopting at least partial precipitation, or, what will 
have the same effect, adding a precipitant to the 
sewage and allowing it to pass through large carriers 
in which the suspended matter will be deposited, 
before applying it to the land. 

At Burton-on-Trent sewage farm some five years 
ago no precipitant was adopted, the result being that 
the solids in suspension coated the surface of the 
soil, preventing the sewage from passing in, so that 
it stood about in big lagoons all over the farm. 
These lagoons of sewage underwent decomposition, 
and damages on account of the nuisance caused 
thereby were obtained by a gentleman who experi- 
enced the nuisance at his house five miles away 
from the farm. As the result of this and other 
actions brought against the corporation, lime has 
been adopted as a precipitant. No precipitation tanks 
have, however, been constructed, the sewage merely 
running through carriers in the ground for about one 

hundred yards. In this run, the solid matters in 
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suspension become deposited^ and the sewage is at 
the end of the run perfectly clear; and the soil 
absorbs it quite readily. 

The same experience was obtained at Stratford-on- 
Avon, where after an injunction had been obtained 
against the corporation a precipitant was added 
to the sewage. In this case, too, no precipitating 
tanks were constructed. After the use of a pre- 
cipitant it was found that the surface of the land 
no longer became occluded, and, as a consequence, 
the sewage no longer lies about in sickening pools 
creating a nuisance. The following is the method 
adopted of applying the sewage to the land at 
Stratford-on-Avon. 

The population of Stratford is about 9000, and 
the volume of sewage about 270,000 gallons a day. 
At night it is stored in a tank, and pumped on to 
the land during ten hours each day. Although some 
fourteen acres of stiflf clay land is occasionally irri- 
gated, practically the whole of the sewage is disposed 
of on nine acres of open sandy gravel, the whole of 
which has been levelled and is underdrained (the 
drains being six yards to twelve yards apart) ; half of 
it is used for irrigation (so-called), and half is laid 
out in ridges three feet wide, and furrows one foot 
wide and nine inches deep, for intermittent filtration. 
Every year the area in ridges and furrows is levelled, 
and the area irrigated is converted into ridges and 
furrows ; in this way the land gets well worked up and 
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aerated. Italian rye-grass is grown upon the flat 
beds^ and mangolds and cabbage on the ridges, the 
sewage only being applied to the furrows. Not a 
little of the success of the scheme is due to the 
intermittent manner in which the sewage is applied. 

The Stratford effluent contained only 0*056 part 
of albuminoid ammonia per 100,000, coming well 
below the provisional standard of 0100 part which 
the author has suggested. That nitrification was 
actually taking place, in spite of an intense frost 
upon the occasion of the author's visit, is proved by 
the fact that the effluent contained 1*5 parts of nitro- 
gen per 100,000 in the form of nitrates and nitrites. 

The level plot is divided into eight beds, each of 
which is temporarily divided into four quarters by 
earthen ridges. The sewage is applied to each 
quarter intermittently for twenty hours; the bed 
then has a rest for about six weeks, no sewage being 
applied. The following is given as the actual time 
that the sewage was applied to a particular quarter 
of the bed : — 

Hrs. Mins. Hrs. Mine. 

Sunday 8.40 to 9.50 a.m. ... 1 10 



„ 11.30 to 12.0 a.in. ... 30 



Monday 8.20 to 


9.30 a.m. 


1 10 


„ 12.15 to 


1.0 p.m. 


45 


„ 2.15 to 


3.0 p.m. 


45 


„ 4.30 to 


5.0 p.m. 


30 


„ 6.20 to 


7.45 p.m. 


1 25 



1 40 



4 35 



70 SEWAGE PURIFICATION, 

Hrs. Mins. Hrs. Mins. 

Brought forward 4 35 



Tuesday, Wednesday, and 

Thursday, as on Monday, each 4 35 



13 45 



Total number of hours sewage applied 20 

After this treatment, no more sewage is put on 
for six weeks. The sewage delivered through the 
feed-pipes is 22,680 gallons per hour, so that in 
the 20 hours 453,600 gallons would be applied to 
one-eighth part of an acre in six weeks. 

By applying the sewage in this intermittent 
manner for a few hours at a time, air is drawn into 
the soil between the layers of the sewage (in fact, 
at Stratford-on-Avon, air could be seen bubbling 
out of the soil when some fresh sewage was being 
put on), and not only is the sewage thoroughly 
purified, but excellent crops are grown on the ridges.* 

When a sewage farm is laid out, it should be laid 
out in plots of a convenient size, which should all be 
numbered, and a record should be kept in a book 
to show exactly what plots are being irrigated and 
the time that they are irrigated for. It is always 
advisable to have part of a farm laid out as an osier- 
bed for the reception of storm-water, and it is also 
advisable to have on the farm a specially prepared 

* I have to express my indebtedness to Mr. A. H. Campbell, the 
borough engineer, for the above details respecting the method ot 
working the farm. 
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sewage filter to take the sewage in times of rain^ 
and at such times as the application of sewage to 
the crops would be injurious. The following diagram 
(Fig. 8) illustrates the proper method of laying out 
a sewage farm. A is the detritus tank, B the artificial 
filter, C the coarse filter for storm-water, D the inter- 
mittent land filters laid out in ridge and furrow, 
E the irrigation area, while the osier bed skirts the 
river. 

With regard to the crops, Italian rye-grass is 
undoubtedly the best, as there seems to be no limit 
to its capacity for absorbing sewage ; it also grows 
so closely and so rapidly as to choke down weeds, 
the seeds of which are brought to the farm in the 
sewage. Unfortunately, however, rye-grass has to 
be used freshly cut ; it also should not be irrigated 
for at least ten days or a fortnight before being cut. 

Where the sewage farm is large enough for dairy 
cows to be kept, the difficulty is to a great extent 
met, because the crops can be cut and consumed on 
the farm by the cows. Of course, the cows on a 
sewage farm are kept under cover all the year round. 
The Corporation of Birmingham have acted on this 
principle for many years with most satisfactory 
results. The grass plots should be ploughed up 
about every three years, and they should be re-sown 
every spring; as Italian rye-grass and Timothy 
grass stand the winter very badly. 

The next most useful plant for irrigation, particularly 
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on clay and Tetentive boUb, Is osiers ; and it should 
be borne io mind that the roots of oeiers penetrate 
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to a great depths so that it is of no use underdraining 
a site on which osiers are to be planted, as the roots 
soon choke the land drains. 

The Local Government Board Committee on the 
Modes of Treating Town Sewage reported in 1876, 
that, after rye-grass, cow cabbage and mangolds 
were the only crops that would continuously take 
sewage and flourish. 

The farm which has the most suitable soil for 
the purification of sewage within the author's know- 
ledge is that of the Nottingham sewage farm. The 
Craigentinny sewage fields of Edinburgh are very 
often referred to, chiefly, perhaps, as instances where 
sewage disposal works have been made to show a 
profitable return. The soil here is blown sand, 
which, before it was irrigated, was perfectly barren ; 
but these fields should never be quoted as sewage 
purification works, as the sewage is applied in great 
volumes, and it runs away practically unpurified 
into the drains. The following description of the 
Craigentinny fields, by Mr. W. Fairley, C.E., is 
taken from the Proceedings of the Institute of Civil 
Engineers : — 

" On the Central or Craigentinny drainage area there 
are two irrigation farms, both situated on the north-east 
outskirts of the city, viz. the Lochend of the Craigentinny 
meadows. Lochend farm has an area of forty-three acres, 
of which thirty-five acres are commanded by main carriers 
led from the point at which the main outfall sewer from 
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the city debouches into an open stream. The sewage is 
pumped up on to the remaining eight acres by an under- 
shot water-wheel driven by the sewage flowing to the 
lower area. The Craigentinny irrigation farm extends 
to the foreshore of the Firth of Forth, along which it 
spreads for a distance of about 1^ miles. This farm, which 
has an area of about 236 acres, may be taken as typical 
of the others. The surface of the ground is undulating 
with a general slope seawards, and a large portion of it 
was formerly waste land. There is a complete system 
of under-drainage, consisting of two-inch and three-inch 
agricultural tile drains, laid ten yards apart and three 
feet deep. The effluent water of the surface and the 
under drains is caught by ditches, to be again used in 
irrigating lower levels, or delivered by the outlets into 
the Firth of Forth. The secondary carriers divide the 
ground into plots, each about three-quarters of an acre 
in area. Four crops are usually taken off the ground 
annually, and occasionally in dry and favourable years 
five or six. The ground was originally sown with a 
mixture of natural and aquatic grasses, the latter in 
small quantities. The fifty acres under Italian grass are 
situated at a higher level than the main area of the farm, 
and are cropped in rotation with the arable land. All 
these sewage farms are in the hands of private individuals, 
and they no doubt form a good investment, for after the 
meadows have been laid out the expenses entailed in the 
maintenance and management are very small. The grass, 
which is annually put up in lots and sold by public 
auction, is readily bought by cowkeepers and dairy- 
farmers. It cannot be said that these farms play an 
important part in the purification of the sewage. The 
great bulk of the foul water merely runs over the surface 
of the ground, and deposits a portion of its suspended 
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matter; but where under-drainage has been provided, 
the effluent is fairly clear and pure. The presence of 
the meadows has a tendency to lower the value of land 
for building purposes in the immediate vicinity. Although 
no distinct nuisance may arise from them, their near 
neighbourhood is not free from disagreeable odours. 

** The Central or Craigentinny Drainage District com- 
prises an area of 1466 acres, with an estimated population 
of 107,000, the dry weather sewage discharge being 
about 800 cubic feet per minute. 

" At Portobello, a watering place much frequented by 
the residents of Edinburgh, frequent complaints were 
made by the corporation of the pollution of the stream 
caused by the sewage of Edinburgh, and after litigation 
the referee recommended that an outfall sewer should be 
carried direct to the sea with a discharge of the water 
of Leith outfall. 

** By an agreement with the proprietor of the Craigen- 
tinny estate, provision had to be made to intercept the 
sewage discharged on the foreshore from the central 
outlet of the city, and for this purpose a cast-iron pipe 
2 feet 10 inches in diameter was laid across the beach 
joining the 3 feet 6 inches pipe at an angle of 45 degrees. 
At the main outlet the sewage is discharged into a strong 
current, the general set of which is N.E.; any floating 
matter is therefore carried out to sea, clear of Portobello, 
and the bathing beaches along the coast." 

It must be admitted^ however, that what is done at 
Craigentinny is no criterion inland, or even as to 
what should be done by an important corporation 
like that of Edinburgh, even though it has a tidal 
river to discharge its efi9uent into. 
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Another instance of a barren waste becoming a 
fertile tract of land by being irrigated with sewage 
is near Paris. The land here, again, is extremely 
porous and open. In this case, under the unanimous 
advice of the experts consulted, the Paris municipal 
authorities decided to dispose of their sewage by 
irrigation on a neck of land at Genne ViUiers. 
Thirty years ago this land was a mere waste ; it is 
now a fertile market garden. The Authorities have 
been so satisfied with the results obtained that twelve 
years ago further land was obtained at Acheres. 
Altogether, Paris has an area of nearly 4000 acres 
available for the purification of the sewage of its two 
and a half million inhabitants. This instance is also no 
criterion for this country, as the rainfall and climate 
are both exceptionally favourable for sewage farming. 

The largest sewage farm in the world is that at 
Berlin. In March, 1895, the available area for irriga- 
tion was 22,881 acres, while the population draining 
to it is about one and three-quarter millions. The 
subsoil is sand, with patches of loam and argillaceous 
loam. The price paid for the land was about £40 
per acre. What has made it possible for this farm 
to be carried on on such a scale, and so well, is the 
fact that the labour is generally provided by convicts, 
so that the actual cost of labour on the farm cannot 
be accurately estimated. Everything connected with 
the whole of the arrangements is carried on in a 
manner that would be quite impossible in this 
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country. The day starts with a parade of the 
sewage men. At six, every man is given his instruc- 
tions for the day in writing, with a note what the 
punishment will be if he fails to carry them out. The 
whole farm is divided into plots of five or six acres 
in extent, surrounded by roads twenty feet wide and 
planted with fruit trees. Each plot is further sub- 
divided into so-called "quarters," two-thirds of an acre 
in extent. The surface of the ground is most carefully 
levelled to an average slope of one in thirty-three, and 
upon this slope Timothy and Italian rye-grass are 
grown. The sewage is brought along the top of the 
slope, and allowed to flow uniformly over it in a thin 
layer down the slope. The grass plots are ploughed 
every four or five years. Before the sewage is allowed 
to flow over the surface of the slope, it is passed 
through roughing tanks, or catch pits, as it has been 
found that the coating of sludge on the land prevents 
the access of air to the soil, and indeed kills the grass. 
The information given above has been extracted 
from several papers which have been read before the 
Sanitary Institute and the Institute of Civil Engineers 
by Mr. Eoechling, C.E., who also gives the following 
details relating to the Berlin sewage farms : — 



No. of acres of 

tutal area to 

million gallons 

of sewage. 


Acres actually 

treated foreach 

million galloDB 

of sewage. 


Persons to each 

acre actually 

treated. 


Persons to each 
acre of farm. 


Gallons of 

sewage per 

acre. 


372 


• 268 


166 


112 


2687 
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A large portion of the land is also laid oat as inter- 
mittent downward filtration beds in ridge and farrow, 
the ridges being three feet wide and the furrows or 
ditches eighteen inches deep and two feet six inches 
wide (see Fig. 5). The sewage is allowed to flow 
into the ditches until they are nearly full, but not 
sufficiently high to get on to the top of the ridges 
so as to soil the turnips, mangolds, and cabbages, 
which are grown upon them. The solid matter in the 
sewage falls to the bottom of the ditch or furrow, 
and impedes the soaking of the sewage through it, 
the sewage therefore passes laterally to the roots of the 
plants. The farm has been thoroughly drained on 
the parallel system in contradistinction to the herring- 
bone principle, the average depth of the under-drain 
being three to four feet. The total quantity of sewage 
being thirty miUion gaUons per day. 

The proper method of working a sewage farm is to 
have about one-eighth of it laid out in ditches for 
downward intermittent filtration (see Fig. 5, page 61). 
The site of the intermittent filter should be changed 
each year, so that the whole of the farm is systema- 
tically broken up. The area used for intermittent 
filtration should be divided into twenty-eight beds, 
four for each day of the week. Boards, with the names 
of the days upon which the particular beds are to 
receive the sewage, should be placed against them, so 
that any one visiting the farm can at once see that 
the manager is applying the sewage in accordance 
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\rith his instructions. The crops grown should be 
absolutely subservient to the question of purification. 
The rest of the farm being used for irrigation, the 
requirements of the crops can, to a certain extent, be 
considered. 

It is also advisable to have a filter capable, in 
an emergency, of taking the whole of the day*s 
sewage. The filter may be made of crushed stone, 
coarse sand, or any material which will pass through 
a three-sixteenths of an inch mesh, and should 
be under-drained to a depth of four feet. If a 
sewage filter is constructed it should have a small 
quantity of sewage applied to it at least twice a week, 
otherwise it may become dry and the nitrifying 
organisms upon it perish. Such a filter will be of 
the very greatest value for use in wet weather, when 
the crops do not require the sewage, and it will also 
be useful when the crops are about to be cut. Of 
course, nothing at all should be grown upon the 
surface of the filter, not even weeds. The site of the 
sewage filter will, of course, always remain the same, 
but the intermittent filtration area should, as I have 
said, be changed each year, so that the same piece 
of land becomes an intermittent filter once every 
eight years. During the time it is being used for 
intermittent filtration it will store up a considerable 
amount of manure, which will be utilized while the 
land is being irrigated. 

If the sewage farm is really to do the work required 
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of it, a steam plough is a useful adjunct, so as to 
break up the surface and to admit the air to a depth 
of two feet, and in laying out a farm a permanent 
haulage station, with movable system of cables, 
should also be devised. In addition, screening 
arrangements, such as those shown in Fig. 7> and 
a rough filter for storm water, are necessary. 

The conditions under which irrigation alone should 
be adopted are where there is an open sandy loam or 
loamy gravel, which can be obtained at a price not 
much exceeding £150 an acre, and where there is no 
manufacturing refuse in the sewage which will either 
cause a nuisance or be detrimental to the crops. 
Where the land is of a suitable nature, but the price 
is prohibitive, from half to one-third of the area will 
suffice if precipitation is also adopted. Whether it is 
worth while to go to the extra annual expense of 
precipitation, depends entirely upon the price that is 
asked for the land. The following Table gives the 
author's opinion as to the varying quantities of land, 
with the system which is adopted : — 

1. Irrigation alone. 

From 1 acre to every 25 persons with stiff clay. 
To 1 „ „ 200 „ „ sandy gravel. 

2. Irrigaiion and Intermittent Filtration, 

From 1 acre to every 200 persons with alluvial drift. 
To 1 „ „ 400 „ „ sandy gravel. 

The one great argument that has repeatedly been 
used in favour of irrigation, is that the nitrogen of 
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the sewage is utilized by the growing of crops, and 
that we have in sewage a material source of wealth, 
the money value of which on theoretical calculations 
was fixed by the Eivers Pollution Commissioners at 
about 2(2. per ton. The suspended matter in 100 tons 
of average sewage was said to be worth 2«., while 
the matter in solution was worth 15«. Hoffman and 
Witt, and Lawes and Gilbert, arrived at similar con- 
clusions, while Mr. Bailey Denton put down the value 
at 1 Jd. per ton. 

Such being the theoretical value of sewage, it was 
only natural that an attempt should be made to 
extract its valuable constituents; but as Dr. Tidy 
pointed out, in a most learned paper read before 
the Society of Arts, the utilization of sewage must 
be distinguished from its purification — they are 
totally different questions. It is true that sewage 
may be poured in enormous quantities upon crops 
growing upon an open soil, such as blown sand, 
and that under these circumstances a certain pro- 
portion of the valuable constituents of sewage would 
be utilized, but the sewage must be poured on in 
such quantities that little purification will be effected. 
When the nitrogen, as nitrates and nitrites in a 
good effluent, is estimated, it will be found that the 
crops have taken up a very small percentage of 
nitrogen indeed. In addition to this, it is doubtful 
whether all the nitrogen taken up is derived from 
the crops. The reseaxches of Nobbe and Hiltner on 

a 
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leguminous plants have shown that by the aid of 
certain bacilli small tubercles are formed in the roots 
of the leguminous plants which enable them to take 
up nitrogen from the air. 

In many of the cases which have been quoted as 
instances where the total nitrogen has been greatly 
diminished in passing sewage through land^ and where 
it is assumed that the nitrogen has been absorbed by 
the crops^ it will be seen that the chlorine has also 
diminished, the fact being that the sewage has 
become diluted with subsoil water. The analyses 
published by the British Association of the sewage 
and effluent from Breton's farm, Bomford, the 
Croydon farm, and Merthyr Tydvil, are all open to 
this criticism. It also applies to Sir Edward Frank- 
land's experiments on the Barking farm, as reported 
in 1871. In this case 70 per cent, of the nitrogen 
came away in the sewage ; but it is wrong to assume, 
as has been done, that the other 80 per cent, of the 
nitrogen was absorbed by the crops, for the chlorine 
was diminished 34 per cent., an amount which 
certainly could not be absorbed by vegetables, and a 
figure which clearly shows that the effluent was 
greatly diluted with subsoil water. 

It can be shown that there is a considerable 
amount of ammonia in smoke, and when urging upon 
manufacturers the necessity for using smoke-prevent- 
ing appliances, this fact has ingeniously been adopted 
as an argument why black smoke should be allowed 
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to continue or even be encouraged. The argument 
is quite as sound as that of the money value of 
sewage. 

When the English reports as to the money value 
of sewage went across the Atlantic, Forbes replied to 
them by asking, if a bottle of brandy were poured 
into a barrel of water, whether the mixture would 
be worth as much as the original brandy; while 
Professor Storer pointed out that Philadelphia stands 
upon a bed of clay which contains a pound of gold 
in every 1,224,000 pounds. From which data, the 
money value of the gold in the clay within the limits 
of the city of Philadelphia is not less than 100,000,000 
dollars, but no one would dream of attempting to 
extract it. These American criticisms are strictly to 
the point. Agriculturists can get chemical fertilizers 
in a form in which they can be readily used for less 
money than the labour costs to apply the sewage in 
a manner in which it can be absorbed by the crops. 

We must not lose sight of the fact that the 
nitrogen in the sewage has to be converted into 
nitrates, or nitrites, before it is assimilable by the 
crops, and to do this it must be applied with equal 
volumes of air, and the cost of the labour in so apply- 
ing it must be taken into the estimate. Liebig's 
fantastic picture of Britain as a vampire on Europe, 
sucking out its life-blood and pouring it into the sea, 
was conceived without taking into consideration the 
fact of the enormous quantities of nitrogen which 
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annually are imported into the country in the form 
of beef^ mutton, com, and nitrates, nor did it take 
into consideration the enormous quantities of carbo- 
nate and sulphate of ammonia, annually manufactured 
in the country at the various gas-works, which are 
now used as fertilizers. 

When we bear these facts in mind, and also that 
leguminous plants have the power of absorbing 
nitrogen from the air, and that the sea requires 
its nitrogen replenishing, on account of the fish 
taken from it, the fallacy of the manurial-value 
argument becomes too ridiculous to entertain for 
one moment.* 

* Since the above was written, Prof. Crookes has endeavoured to 
resuscitate the nitrogen bogey, with the evident intention of showing 
how easily it could be laid low, by utilizing the nitrogen of the air 
as a source of nitrates. 
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CHAPTEE YI. 

PRECIPITATION, PRECIPITANTS, AND TANKS. 

Limitations of the process — In practice solid matters only removed 
— Soluble matter removed by excess of precipitants — Com- 
parative costs of precipitants — ^Lime, alum, copperas — Various 
patent precipitants — Precipitation without tanks — Absolute 
rest tanks — Continuous-flow tanks — ^Dortmund tank of Kine- 
biihler— The Candy tank — Sludge, and methods of dealing 
with it. 

By precipitation is meant the deposition of the 
insoluble matter in suspension in sewage, together 
with a certain proportion of the organic matter in 
solution, by the addition of some chemical which 
forms insoluble compounds with it, and at the same 
time deodorizes it. For a considerable time it was 
claimed by one school of experts that by precipita- 
tion sewage could be sufficiently purified to be dis- 
charged into any river, while a rival school advocated 
the claims of land alone. To-day the limitations 
of each are recognized, and it is generally admitted 
that by precipitation practically only the solid matter 
in suspension is removed. 

The chemicals which have been used for this pur- 
pose are almost innumerable ; but only three need 
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serionsly be eonsidered, viz. alum, copperas, and lime, 
or some combination of these. Most of the precipi- 
tants sold nnder fanciful trade names are composed 
of these substances in varying proportions. The 
general plan of the process of precipitation is for the 
chemical to be added to the sewage; the mixed 
chemical and sewage is then well mixed up by means 
of water-wheels or baffling plates. The mixture is 
then allowed to flow into a large precipitation tank, 
where it is either allowed to rest for a few hours, or 
is passed continuously through the tank at such a 
slow rate of velocity that the suspended matters fall 
to the bottom of the tank, where they form a dark 
sludge, containing about 95 per cent, of water ; the 
clarified effluent overflowing from the tank. Details 
of different forms of precipitation tanks are given on 
a subsequent page. 

The use of lime as a precipitant has been much 
prejudiced by the reports which have been published 
on the so-called "lime process " as it was carried out 
years ago, the effluent from the precipitating tank 
merely being passed into the river without any 
irrigation or filtration. It should be at once clearly 
stated that the effluent obtained by any process of 
precipitation is not fit to be turned into a stream 
without subsequent biological filtration. For practical 
purposes, it may be assumed that the precipitation 
process will merely remove the solid matters in 
suspension. It is true, as Mr. Dibdin has shown. 
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that in the laboratory from 10 to 80 per cent., and 
even more, of the organic matter in solution can be 
removed ; but it is a safe rule to assume that in the 
working of a sewage purification scheme by precipi- 
tation the suspended matters only are removed. 

The following Table gives the results obtained by 
Dibdin with various precipitants upon the organic 
matter in solution in the Metropolitan sewage. The 
results are expressed as a reduction per cent, in the 
oxidizable organic matter : — 

Reduction of Soluble Organic Matter by Various 









Precipitants. 
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precipitant 
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••• ••• ••• ••• 


• • • 


... 31 



In addition to Mr. Dibdin*s experiments^ the 
Massachusetts State Board of Health have made 
careful experiments on the relative value of various 
precipitants, and the proportion of organic matter 
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in solution removable by them. The following Table 
gives in a condensed form some of the most practical 
of their conclusions, the quantities of the precipi- 
tants used being in each case of the same value, 
about Is. 8d. per annum per head of the population 
dealt with : — 

Crude sewage jdelding 0*40 part per 100,000 of organic matter. 
„ after settling 0*28 
„ „ straining 026 

After precipitation with — 



» >j )) >» 

» >» >» j> 





Bednction 


Organic am- 


of 8oliible 


monia per 


matter per 


100,000. 


cent 


1800 lbs. of lime per million gallons 0*19 


0-22 


1000 lbs. of copperas and 700 lbs. of lime per 




million gallons 0*17 


0-29 


400 lbs. of ferric sulphate 0-16 


0-32 


650 lbs. of alum sulphate 019 


0-20 



With regard to lime, what takes place when it is 
added to sewage is that immediately carbonate of 
lime is formed ; this acts as a weighting material, 
entangling the flocculent matters in suspension and 
carrying them down to the bottom of the tank with 
it. The lime also forms an insoluble compound 
with a certain amount of organic matter in solution, 
which also is carried down. 

There is no doubt that the carbonic acid in the 
sewage holds a lot of carbonate of lime in solution, 
and if the tank effluent is allowed to pass into any 
stream with a short run the carbonic acid is given 
off, and the carbonate of lime is deposited as a white 
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insoluble substance in the river. This is what is 
sometimes called the secondary decomposition of 
lime effluents If, however, the tank effluent obtained 
from precipitation with lime is irrigated over a large 
area, the carbonate of lime is deposited in the soil, 
and is also spUt up by the nitric acid formed by the 
nitrifying organisms, a stable nitrate of lime being 
formed in its place, and no secondary decomposition 
will result. 

Another objection which there was to the use of 
lime as a precipitant, without subsequent intermittent 
filtration, arises from the danger of the sewage being 
overdosed, so that some free lime might escapeinto the 
rivers and thus kill the fish. Wherever Ume is used 
the following conditions should be complied with — 

1. An indicator, such as phenol-phthalein or nitrate 
of silver, should be used, and the lime should only be 
added imtil the sewage becomes barely alkaline. 

2. The lime should be ground and added as a 
saturated lime-water. 

8. Mechanical agitation of the sewage with lime- 
water should immediately take place. 

The sludge should be removed if possible each day 
from the precipitating tanks. It soon putrefies and 
rises in large pieces, setting up decomposition of the 
supernatant sewage, thus undoing the good done by 
chemical treatment. 

There are three classes of sewage for which lime is 
particularly suitable. 
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1. Sewage containiiig salts of iron and mineral 
acids, such as the sewage from Birmingham^ Sheffield, 
and Wolverhampton. With this class of sewage, the 
lime has the advantage that it neutralizes the acid 
which would otherwise absolutely prevent nitrifica- 
tion ; it also combines with the iron salts and forms 
hydrated oxide of iron, which acts also as an excellent 
precipitant. 

2. Sewage containing the refuse from breweries. 
Brewery waste contains a large amount of carbonic 
acid and yeast cells which produce carbonic acid. 
This with the lime forms the insoluble carbonate 
previously alluded to. The sewage of Burton-on- 
Trent is precipitated with lime, as much as thirty 
to forty grains to the gallon being used. 

3. Sewage containing dye wastes. In some instances 
it may be necessary to also add a small proportion of 
copperas in this case. 

With all precipitation processes the sewage should 
be got to the outfall works as soon as possible, so 
that as much organic matter as can shall be retained 
as suspended matter. For the same reason, when it 
is necessary to pump the sewage for the purpose of 
filtration, thiB is best done after it has gone through the 
precipitation tanks. 

For small schemes it is practically impossible to 
use lime as a precipitant, on account of the necessity 
for expensive machinery to grind it. The commonest 
precipitant used in this country for small schemes 
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is alum. Spence's alumino-ferric blocks is a favourite 
method of employing it. These blocks are merely 
suspended in the sewage, and as the flow increases 
more of the precipitant comes in contact with the 
sewage and is dissolved, precipitating the fatty and 
albuminous matters to the bottom of the tank as 
sludge. This precipitant costs from £2 10a. to £3 
per ton. The quantity necessary to precipitate the 
suspended matter is from 10 to 20 grains per gallon, 
and by reckoning 15^ grains * per gallon as equivalent 
to a ton per million gallons, the cost can easily be 
calculated. 

The various chemicals which have been suggested 
for use as precipitants are innumerable. Many of 
them are combinations of alum and iron salts and 
lime. The following is a list of some of the most 
known precipitants : — 



Name of Precipitant. 



Ferrozone 

Alumino-ferric 

J\.9 X^* \J9 • ■ • • • • 



Amines process . . . 



Chief Ingredients. 



Crude alum, copperas, and magnetic 
oxide. 

Cnide alum, with a trace of iron salts. 

Alum, blood, and clay. The alum and 
the clay are the useful ingredients. 
Probably as good results would be 
obtained by the alum alone. 

Lime and herring brine. Large 
quantities of lime are used, and 
the temporary sterilizing of the 
sewage is, no doubt, due to it 



A ton actually contains 15,680,000 grains. 
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Name of Precipitant. 



Bacillite process 



Hanson^s process 



Chief Ingredients. 



The phosphate process ... 



The electrolysis process ... 



The Hermite process 



A disinfectant, such as carbolic acid, 
is used as well as a precipitant 
The germicide, if real, would also 
kill the nitrifying organisms, so 
that this process, like the amines, 
should not be countenanced if it 
really is a sterilizing process. 

Black ash waste, consisting of salts 
of soda and sulphide and sulphite 
of lime. The precipitant will have 
to be oxidized before nitrification 
can start, and it is probable lime 
alone would be as efficient. 

Phosphate of alum in hydrochloric 
or sulphuric acid. The idea was 
that a triple phosphate would be 
precipitated, the ammonia thus 
being trapped, as it were. The 
value of the ammonia obtained in 
practice does not compensate for 
the phosphate lost. 

The sewage is electrolysed, oxygen 
being liberated ; this partly attacks 
the organic matter and partly the 
iron plates at the negative pool, 
forming iron salts, which act as a 
precipitant. The iron salts can be 
added cheaper as copperas in the 
ordinary way. 

Electrolysed sea-water, containing 
free chlorine, is added to the 
sewage, with the view of sterih'zing 
it (See remarks on Bacillite pro- 
cess.) 



Precipitation without Tanks. — At Stratford-on-Avon 
and at Burton, the experiment is being tried of adding 
a precipitant without any precipitation tanks. As 
far as Stratford-on-Avon is concerned, the experiment 
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is quite successful. The solids in suspension are 
thrown down upon the surface of the land and are 
dug in. At Burton-upon-Trent the same method is 
being adopted, but here the enormous quantity of 
sludge deposited is deteriorating the porosity of the 
land. The late Dr. Tidy was responsible for the 
Stratford-on-Avon experiment, while the Burton ex- 
periment (where thirty to forty grains of lime per 
gallon are employed) is due to Professor Dewar. Before 
the sewage was limed at Burton, the slimy sludge was 
carried all over the surface of the land, covering it with 
a sticky albuminous film. Since a precipitant has been 
used the sludge is deposited on a limited area, and 
the sewage at present passes freely through the land. 
But where a precipitant is used, and there is not a 
very large area of land, tanks of some kind or other 
must be constructed. 

For the success of precipitation processes, besides 
the sewage being fresh and as little broken up as 
possible, it is necessary that the precipitants should 
be got into very intimate union with a small portion 
of the sewage, and that this should then be mixed 
carefully with the whole of it. 

The tanks must be adequate in size. Their actual 
capacity in any case will depend upon whether they 
are to be used on the absolute rest principle or con- 
tinuously ; if for absolute rest for six or eight hours, 
the tanks must be in triplicate, and should hold at 
least a day's sewage. 

^ OF THK ^ ^ 

UNIV^RSTTy 1 
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Absolute Xest Tanks. — These tanks can only be 
nsed without pumping 
where there is an avail- 
able fall of six or eight 
feet for the precipitation 
portion of the process of 
1 purification. Aa a fall of 
■a six or eight inches only is 
g required in continuous 
g tanks, and any extra fall 
J which is available can be 
I utilized to greater advan- 
£ tage by filtering twice 
^ over, I do not think that 
g absolute rest tanks will 
§ be used to any extent in 
I the future. 

a< "Where there is such a 

S great fall at the outfall 
i works that absolute rest 
c tanks are decided upon, 
Q the best arrangement is 
Ji as sketched in Fig. 9 ; it 
S will be seen that the cla- 
rified sewage runs out 
through a floating arm 
near the bottom of the 
tanks, thereby requiring 
a considerable fall 
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The illustration (Fig. 9) shows the ordinary complete 
rest precipitation tanks in the various stages of the 
process of purification. No. 1 is being emptied by 
means of a floating arm, the outlet of the floating 
arm is about four inches below the surface, and 
falls with the level of the sewage. The result is, 
that the sludge and the scum are both left in the 
tank, and only the clarified sewage is decanted. 
The sewage is commanded by a valve, which prevents 
it escaping through the floating arm. The sludge is 
let off by the sludge penstock being opened. In the 
process of filling, the sewage runs down a floating 
salmon ladder to prevent the sludge being stirred 
up. 

Where there is not more fall than two or three 
feet, the precipitation must take place in a continuous- 
flow tank, and in this country, until the last few 
years, the arrangements for removing the sludge 
have been of a most unsatisfactory nature. First of 
all it has been necessary to have the tanks in duplicate^ 
andy under certain circumstances ^ in triplicate^ then it 
has been necessary to pump off the tank effluent before 
the sludge could be removed, 

Continnous-flow Tanks. — ^The Conical-bottomed Dort- 
mund Tank of Carl KinebiQiler. — The credit for first 
getting over these difl&culties is due to Carl Kine- 
biihler, for although the tanks designed by him 
and adopted at Dortmund and subsequently at the 
Chicago Exhibition, and during the last three years, 
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with slight modifications^ at numerous places in 
England, have not proved absolutely satisfactory 
when only used singly, yet, compared with the 
alternative of the old-fashioned, flat-bottomed, con- 
tinuous-flow tank, they possess advantages which 
make them immensely superior, and when con- 
structed in duplicate, with arrangements for empty- 
ing them when necessary, they leave little or nothing 
to be desired. 
The drawbacks to them are said to be — 

1. The sludge does not always gravitate to the 
bottom of the cone. 

2. As the sides are not thoroughly cleaned, colonies 
of bacteria form, and are carried off in the tank 
efliuent. 

With regard to the first objection, I have in my 
district about a dozen conical bottomed tanks, and 
I can emphatically state, if the sludge is removed 
daily, this difficulty does not arise. On the other 
hand, some of the most solid sludge I have ever 
met with has come from tanks of this description, 
and contained as much as 7 per cent, of solid 
matter. 

With regard to the second objection, that, after 
a time, colonies of bacteria pass over in the tank 
effluent, so as to injure the filters, I must corroborate 
this ; but it is a difficulty which could be easily over- 
come by the adoption of a revolving scraper, of a 
rapid screw shape, which, by being slowly revolved 



THE DORTMUND TANK. 97 

each day, at the time the sludge was heing pumped 
out, would remove the slime from the sides of the 
tank, and wind it down to the apex of the cone. 
Another way of obviating this difl&culty is to have 
at the outlet a series of perforated pipes four inches 
below the water level, across the tank, or to have 
the tanks in duplicate. 

But whether the conical bottom survives in the 
process of the evolution of a perfect precipitating 
tank or not, the apparently paradoxical continuous 
upward flow of the sewage, with a downward move- 
ment of the sludge, is an innovation which has come 
to stop. 

There is in these upward-flow tanks a neutral 
plane at the level of the point, where the velocity 
is so slow that the particles precipitated cannot be 
carried on. Each particle of the coagulum arrests 
another in its upward path until, growing as a rolling 
snowball does, there is across the whole tank a 
floating meshwork of flocculent matter, which acts 
as a kind of strainer. 

That this is so, I have proved by watching the 
process in a small tank constructed of glass, and 
I have also frequently passed a glass tube down a 
precipitating tank, and, on drawing it up, have found 
the precipitation all confined within levels twelve to 
eighteen inches apart. The following diagram of 
the Dortmund tank clearly explains the method of 
working it: — 

H 
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Plan at D.E. 

FiQ. 10.— Impbotkd DoBTMTOfD Tank,— Scale 8 feet to the ii 
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The Candy Tank. — The upward-flow principle has 
been adopted by Mr. Candy in his circular flat- 
bottomed tank. This tank permits of the sludge 
being removed without first pumping off the super- 
natant tank effluent ; this can be done by gravitation 
where there is a fall of about eighteen inches. 

The author has two of these tanks in his district, 
and has carefully watched them for the last two years. 
They act admirably if the sludge is removed daily. 
The sludge, which, in his experience, contains about 
97 per cent, of water, is removed by revolving a 
perforated sludge-pipe, which is pivoted at the 
centre of the tank floor, and by means of a worm 
gear sweeps all round the bottom of the tank; the 
outlet of the sludge-pipe is made to discharge 
eighteen inches below the level of the sewage in 
the tank, and- when the screw-down valve is opened, 
the head of eighteen inches of water in the tank is 
sufficient to force the sludge through the perforations 
and up the sludge-pipe. When the sludge begins 
to run thin, the man in charge slowly winds the 
revolving perforated arm round, until one complete 
revolution has been made, by which time the whole 
of the sludge lying on the bottom of the tank will 
have been picked up. Attached to the revolving 
perforated sludge-pipe is a rubber scraper, which, 
by the same mechanism as moves the sludge-pipe, 
scrapes the sides and bottom of the tank, thus pre- 
venting the growth of colonies of bacteria, which is 
one of the drawbacks to the Dortmund tank. 
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The International Sewage Purification Company 
have also applied the same principle of extracting 
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Fig. 11. — The Candy Tank. 

sludge to rectangular tanks, the perforated arm 
travelling from one end to the other on a tramway. 
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Perhaps the latest form of tank which permits 
the sludge to be removed without first pumping off 
the tank effluent, is what may be called the " travelling 
squeegee " tank. In this, the sludge is forced down 
to the deep end of the ordinary rectangular con- 
tinuous-flow precipitating tank, by means of a slowly 
moving squeegee, which travels on rails laid on the 
bottom of the tank. When the squeegee has been 
brought within about three yards of a perforated 
sludge-pipe, lying at the deepest part of the tank, 
the sludge outlet is opened, and the squeegee moved 
up gradually to this pipe, as the sludge flows out 
about eighteen inches below the top water level. The 
squeegee is then wound back to the top of the tank, 
where it stays till the sludge is removed, the next day. 

There are several other precipitating tanks, such 
as the **Ives,** a modification of the ordinary Dort- 
mund tank, but not (to the author's mind) an 
improvement on it. There are others which need 
not be mentioned, as one has no word of approval for 
them. 

With regard to the percentage of purification 
effected by precipitation, having taken the average 
of some twenty precipitation tanks in his district, 
the author has found that the purification effected 
by alumino-ferric on ordinary domestic sewage is 
about 60 per cent. 

With regard to the precipitant to be adopted under 
various conditions, with ordinary domestic sewage. 
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where there is a large proportion of soapy slop 
water, nothing could act better than alum. Spence's 
alumino-ferric cakes acting on such sewage in a 
Dortmund tank gave the following results : — 



Before precipitation 
After 



»» 



Organic ammonia, 
parts per 100,000. 

... 088 
... 0-36 



For sewage containing mineral acids or brewery 
wastes, lime is the most suitable precipitant. For 
sewage containing dye waste, copperas and lime, and 
for sewage containing tannin, copperas, alum, and 
lime will probably be required. The exact propor- 
tions of these various ingredients will vary with the 
particular sewage. 

To show how commonly precipitation is now 
adopted in addition to irrigation, a return made to 
Parliament in 1894 showed that this process was 
adopted at as many as 174 places. 

In sixty cases the return also gives the nature of 
the precipitants used, and from it I have constructed 
the following Table, showing the nature of the chief 
precipitants in use, and the number of places at 
which they were adopted : — 



Lime. 


Alumino- 
ferric. 


Lime and 
alumino- 
ferric. 


Ferro- 
zone. 


A.B.C. 


Alum. 


Iron, salts, 
and lime. 


Lime, 
alum, and 
copperas. 


20 


11 


8 


9 


2 


4 


5 


1 
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Sludge.— After the sludge has been removed from 
the precipitating tanks^ in small schemes — that is to 
say, in schemes for populations of less than 5000, 
and where the outfall works are far removed from 
houses — it is sufficient to allow it to dry in trenches 
about one foot deep and one yard wide, the trenches 
being covered at the bottom with ashes, and having 
a drain leading back to the precipitating tanks. In 
this way the liquid part of the sludge is got rid of, 
and in a few weeks' time it dries into a friable cake, 
which makes an excellent top-dressing for grass, but 
is not of such value that it can be sold. 

For larger schemes, special areas of land will have 
to be set apart for drying the sludge upon, and then 
movable carriers will have to be provided for turning 
it upon the different parts of the land. This method 
of removing the sludge has been successfully worked 
at Birmingham for many years, and it is distinctly 
indicated wherever there is any low-lying land, the 
level of which it is desirable to raise, and there are 
no houses within a few hundred yards of the sludge- 
drying area. 

The sludge is also useful for embanking rivers to 
prevent storm waters from overflowing the land. 

Another method of dealing with it very commonly 
in vogue, particularly where the works are close to 
habitations, is to press it with a filter press. This 
press consists of two folds of jute or other coarse 
fabric, spread between plates of iron, whose surfaces 
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are grooved ; the sludge is forced through the jute 
by means of compressed air, and the water is blown 
out, leaving the solids between the two layers of 
jute as a cake of sludge about one inch in thickness 
and a couple of feet square. 

Unfortunately this method of dealing with the 
sludge is somewhat expensive, the cost of the process 
working out at about 2$. &d. per ton, and even more 
where lime is not used as a precipitant. This is 
irrespective of depreciation of plant and loss of 
interest on capital. For this 2s, 6d. per ton, about 
16 cwt. of water is extracted from the sludge, and 
it has this one advantage that it can be removed 
in carts without slopping on the roads or causing 
any nuisance. 

Most of the English authorities on sewage disposal 
state that the sludge "from any system of sewage 
disposal consists of about ninety parts of water and 
ten parts of solids.'* The sludge which has been 
allowed to drain dry in the old-fashioned flat-bottomed 
tanks might possibly have this composition ; but as 
sludge is removed from precipitation tanks it rarely 
contains less than 94 per cent, of water ; indeed, one 
would be inclined to say that average sludge con- 
tained about 95 per cent, of water — that is to say, 
only half the solid matter it is generally supposed 
to contain. Sludge removed from the Candy tank 
contains about 97 per cent, of water and 3 per 
cent, of solid matter, while that from the conical- 
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bottomed Dortmund tank contains from 93 to 95 per 
cent, of water, and from 5 to 7 per cent, of solids. 

It should be understood that these percentages 
refer only to the sludge as removed from the tanks ; 
after it has been standing a little while the water 
would separate, and the residue would undoubtedly 
only contain 90 per cent, of water and 10 per cent, 
of solids; after pressing, the sludge contains from 
55 to 60 per cent, of water, while air-dried sludge 
from Birmingham or other places contains about 
12 or 15 per cent, of water. 

If, therefore, sewage disposal works have sufficient 
land — some 200 or 300 yards from dwelling houses 
— for the sludge to be dried upon, this method of 
dealing with it is cheaper and more satisfactory 
than by pressing it ; as, after pressing, there is still 
a mass of solid cake equal to one-fifth the bulk of 
the original sludge to be got rid of, and, in the 
author's opinion, it is not as a rule worth paying 
2^. 6d. per ton to get this comparatively small 
benefit. Where, however, for any special reason the 
sludge is offensive, it will probably be necessary to 
adopt pressing. 



CHAPTER VII. 

FILTRATION OR NITRIFICATION, 

Intermittent land filtration — Artificial filters suggested by Waring- 
ton in 1882 — Conditions necessary for niti-ification — ^Experi- 
ments by the Massachusetts Board of Health with coarse sand, 
fine sand, peat, silt, garden soil, and fine gravel — ^Results 
obtained — London County Council experiments — Results 
obtained. 

In the First Report of the Rivers Pollution Com- 
missioners, in 1870, mention is made of downward 
intermittent filtration of sewage through land, and a 
number of experiments on the filtering capacity of 
different soils were carried out. 

As the result of laboratory experiments of Sir 
Edward Frankland, the following conclusions were 
arrived at :— 

1. That the soil should not be too open, so that 
any quantity of sewage could pass through. 

2. That it should be deeply drained to a depth of 
six feet. 

3. That the sewage should be dealt with inter- 
mittently. 

In the Second Report of the Rivers Pollution 
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Commissioners^ intermittent filtration was defined as 
" concentration of sewage at short intervals on an area 
of specially chosen porous ground, as small as will 
absorb and cleanse it ; not excluding vegetation, but 
making the produce of secondary importance. The 
intermittency of application is a sine qud non even in 
suitably constituted soils." 

Frankland claimed that one acre of land laid out 
as an intermittent filtration area was sufficient for 
a population of 8000 or 4000, or for from 50,000 to 
100,000 gallons of sewage a day, the land being 
divided into about twelve parts, each part receiving 
successively the whole of the sewage for about six 
hours. In practice, it was found that intermittent 
filtration areas could best be worked by land laid out 
in ridge and furrow, and by growing crops on the 
ridges, with open sandy soil, worked as a sewage 
filter without any regard to cropping, possibly this 
quantity might be purified after precipitation. 

At Merthyr Tydvil and at Eendal, this estimate 
was tried on a practical scale, and it was found that 
a population of 1000 to the acre was all that could be 
efficiently dealt with. 

The analyses of the sewage before and after filtra- 
tion at Merthyr Tydvil are not comparable, because 
a very large quantity of the subsoil water finds its 
way into the subsoil drains, and dilutes the effluent, 
apparently giving a percentage of purification which 
is quite unwarranted. 
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At Kendal, some 750,000 gallons of sewage, half of 
which is subsoil water, are dealt with each day by 
downward intermittent filtration. In the first in- 
stance, upon 5^ acres of filter, and subsequently it 
was found necessary to acquire another 11^ acres. 

These two instances of intermittent filtration were 
carried out some twenty years ago, and since then, 
intermittent filtration areas have been laid out on 
most sewage farms, notably at Nottingham and 
Birmingham. At the latter place, it has been found 
that, with a gravelly subsoil, the limit of the popula- 
tion that can be dealt with is about 500 to the ^cre, 
even after the solid matters have been removed from 
the sewage by precipitation. 

The next step in the evolution of the present 
biological sewage filter was due to Warington, who 
in 1882 communicated a paper to the Society of Arts, 
and pointed out that dilute solutions of ammonium 
salts or of urine would not undergo nitrification if 
they were sterilized by boiling, or by the addition of 
antiseptics, and were supplied with air which was 
filtered through cotton wool. If, however, a small 
particle of fresh soil were added, in a little while 
active nitrification would set in. He further found 
that this process went on best in the dark, that an 
alkaline base such as lime was necessary, and a tem- 
perature ranging from 40° to 120° Fahr. He further 
called attention to the researches of MM. Schloesing 
and Muntz, who claimed that nitrification proceeded 
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with the greatest rapidity at a temperature of 
99° Fahr. Warington in his article wrote — 

" Though, however, porosity is by no means essential to 
the nitrifying power of a soil, it is undoubtedly a condition 
having a very favourable influence on the rapidity of the 
process; a porous soil of open texture will present an 
immense surface, covered with oxidizing organisms, and 
generally well supplied with the air requisite for the dis- 
charge of their functions. ... A filtering medium of 
pure sand and limestone, treated intermittently with 
sewage, will, after a time, display considerable nitrifying 
powers, the surfaces becoming covered with oxidizing 
organisms derived from the sewage. ... It will be 
gathered from the observations now made, that it would 
be possible to construct a filter bed, having a greater 
oxidizing power than would be possessed by an ordinary 
soil and subsoil. Such a bed would be made by laying 
over a system of drain pipes a few feet of soil, obtained 
from the surface (first six inches) of a good field, the soil 
being selected as one porous and containing a consider- 
able amount of carbonate of calcium.'* (See Fig. 12.) 

This important suggestion of constructing artificial 
nitrifying beds or filters lay in abeyance for many 
years, and was first carried into effect for the purifica- 
tion of large quantities of sewage by the International 
Sewage Purification Company. The only difference 
between the filter which Warington suggested and 
that which the Company constructed was that, instead 
of using sand and limestone chippings, this Company 
adopted sand and a magnetic oxide of iron prepared 
by being roasted with carbon in a closed chamber, 
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— a preparation which they sold under the trade 
name of Polarite. 

These new artificial filters were tried for eight hours 
and then allowed to have a rest of sixteen hours. 
When the quantity of defoBcated or clarified sewage 
dealt with by the filter is not excessive^ that is to say 
is not more than 250 gallons per effective yard per 
day of eight hours, with a rest of sixteen hours, with- 
out any sewage going on, an effluent is, as a rule, 
produced which contains considerably less than 0*1 
part of organic ammonia per 100,000, absorbing less 
than one part of oxygen at 80"^ Fahr. in four hours, 
and containing one part of nitrogen as nitrates. Un- 
fortunately, many of the filters constructed by this 
Company were constructed to deal with 600, 700, 
and even 1000 gallons of sewage per square yard, 
and where these artificial filters have been brought 
into discredit, it is by their being thus overworked. 

The action of the nitrifying filter can perhaps be 
best understood by comparison with an analogous 
change which takes place in the fermentation of 
alcohol into vinegar through the action of the 
mycoderma aceti, and it is worth while to fully 
consider what the vinegar brewer does when he 
conducts his operations. 

He allows a solution of alcohol to drip slowly 
over birch twigs in a current of air at a temperature 
of 77° Fahr. for a fortnight. During this time an 
organism known as the mycoderma aceti, which is 
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seeded on the twigs, flourishes, and, in its growth, 
takes up oxygen from the air, and unites this with 
hydrogen from the alcohol, thus forming acetic acid 
and water. The chemical change which takes place 
may be represented as follows — 

Alcohol + oxygen from the air = acetic acid + water 
CjHeO + = CaH^O + H2O 

I have said that the changes which take place in 
a sewage filter are analogous to this fermentation, 
and I have no doubt saltpetre could be produced 
from sewage, by treating it as the vinegar brewer 
does his alcohol, but the expense would be pro- 
hibitive. 

The changes sewage undergoes are, however, more 
complex. First of all, albuminous matters, and 
su«h substances as the urea of the urine (which is 
the form in which the great bulk of the nitrogen 
leaves the human body), get converted, into carbonate 
of ammonia. This change, known as " bacteriolysis," 
results from the action of the hadllm urece and 
other organisms present in the sewage, and is com- 
plete by the time the sewage reaches the precipitation 
tanks. 

The change which it is now desired to effect may 
be regarded, then, as the oxidation by means of 
nitrifying bacteria of a solution of carbonate of 
ammonia into the nitrate of some base, generally 
lime, and this action is known as nitrification. 
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This is an operation which has been carried on 
by the Chinese in the manufacture of saltpetre for 
thousands of years, and the factors necessary for 
its success are as follows : 

1. A substance which will yield ammonia. 

2. The presence of calcareous matter to neutralize 
the nitric acid when formed by the nitrifying 
organisms; for this reason (except in towns with 
hard waters) lime should form a constituent of the 
precipitant. 

3. The presence of air in the pores of the filter. 

4. A temperature as near 100"^ Fahr. as possible. 

5. A certain amount of time must be allowed for 
the organisms to grow. On this account the quantity 
of the sewage applied should never exceed three 
gallons per square foot of filter per hour, and the 
filter should only be worked for eight to ten hours 
a day. 

6. As the air in the pores of the filter is consumed, 
it must be renewed again. This is either done by 
applying the sewage intermittently, or, as suggested 
by Mr. Lowcock, by blowing a small quantity of air 
into the lower part of the filter continuously. 

7. The success of the sewage filter will to a great 
extent depend upon the size of the particles of the 
sewage filter and its consequent porosity, and to 
some extent upon the mechanical texture of the 
material being sufficiently rough to retain the colonies 
of nitrifying organisms. 
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When there is a sufficient area of sandy gravel, 
all these conditions are supplied by nature, except 
the systematic renewal of the air. This can be 
arranged by adopting an automatic flushing tank, 
which will apply the sewage intermittently to the 
land, the air being drawn into its pores between the 
flushings ; where there is not sufficient fall for one of 
these contrivances to be adopted, great care must be 
exercised in frequently changing the areas irrigated. 

It will be seen that these filters act chemically 
and biologically; the dissolved organic matter does 
not pass out of the filter in the same condition that 
it enters it — ^namely, as albuminous matter — but as 
nitrates. With these coarse-grained artificial filters 
much more sewage can be passed through in the 
twenty-four hours than could be passed . through 
land, but little purification would be effected if 
more than 200 or 300 gallons were filtered. This 
will be perfectly obvious when we bear in mind that, 
as has been pointed out, about half the weight of 
the nitrates produced consists of oxygen, and that 
therefore, to produce the nitrates, the nitrifying 
organisms must be freely supplied with oxygen by 
allowing the filter to empty, and thus cause the air 
to penetrate into all its interstices. 

The necessity for adequately aerating filters was 
first scientifically worked out by the Massachusetts 
State Board of Health, who had an experimental 
station at Lawrence from 1889 to 1898. 

I 
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The experiments of the Board were made in a 
series of circular tanks — seventeen feet in diameter 
and six feet deep. The bottoms of the tanks were 
drained with ordinary horse-shoe land drains, and 
large gravel from one inch to two inches in size, 
covered over with a layer of pea gravel about one- 
eighth of an inch in size. 

The more important experimental tanks were filled 
as follows — 

Tank No. 1 . 

Five feet of clean coarse sand. 

Tank No. 2. 
Five feet of fine sand. 

Tank No. 3. 

Four feet of peat covered with one foot of the original top layer 
of peat. 

Tank No. 4. 

Five feet of river silt, very fine sand. 

Tank No. 5. 
Five feet of garden soil. 

Tank No. 6. 
Three feet eight inches of coarse and fine sand and fine gravel. 

They also experimented with a number of other 
filters, such as three feet eight inches of coarse sand 
and fine gravel (same as No. 6), covered with ten 
inches of sandy loam, and six inches of soil; and 
three feet eight inches of coarse sand and fine gravel 
(same as No. 6), covered with eight inches of sandy 
loam, and eight inches of sandy gravel. 

The area of the filters was, roughly speaking, ^Jo 
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of an acre, and they were used for six days in the 
week. 

The following are the most instructive of the 
results obtained — 

No. 1. Coarse Sand. — This filter had a total capacity 
of 12,300 gallons, and, when filled with water, was 
found to take up 3240 gallons. When drained away, 
however, only 2200 gallons of water could be run 
out, 1040 gallons remaining in the filter owing to 
capillary attraction; so that when the filter was 
drained dry it was charged with 2200 gallons of air. 

By these experiments the importance of capil- 
larity was first thoroughly brought home; and in 
the experiments with the fine river silt and garden 
soil, no nitrification occurred even when the quantity 
of sewage filtered was only about 7000 gallons to 
the acre per day. When we recognize the fact 
that the whole of the nitrification depends entirely 
upon getting the air in the interstices of the filter 
changed, the importance of constructing a filter of 
material of such a size that capillary attraction shall 
not prevent it from rapidly draining dry will be 
appreciated. 

In filter No. 1, about 100,000 gallons of sewage 
to the acre were filtered in 24 hours, about 86 per 
cent, of the albuminoid ammonia being removed, 
and 89 per cent, of the bacteria. 

No. 2. Fine Sand. — This filter was only able to 
deal with 40,000 gallons of sewage to the acre ; but 
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although the quantity of sewage that could be purified 
was less than half that in filter No. 1, it effected a 
higher degree of purification. The reduction of the 
albuminoid ammonia was as much as 97 per cent., 
and as many as 99*8 per cent, of the bacteria were 
removed. 

No. 3. Peat. — ^Without going into detail with regard 
to tank No. 3, the peat tank, it is sufiicient to say 
that, from the results obtained, the Massachusetts 
experimenters came to the conclusion that this 
material was " entirely worthless for the filtration of 
sewage." 

No. 4. Elver Silt. — The results obtained by this 
filter are similar to those obtained by filter No. 2, the 
fine sand filter ; only, as might be expected, as the 
material was of finer texture, the quantity of sewage 
that could be filtered was less. On the other hand, 
the purification effected was, in some respects, 
greater. Only 30,000 gallons of sewage per acre 
could be filtered in 24 hours, and 96 per cent, of 
albuminoid ammonia was removed, or a little less 
than in filter No. 2. The smaller chemical purification 
effected is probably due to the fact that there would 
be a great difficulty in getting the oxygen into the 
interstices of the finer filter ; but, on the other hand, 
in this filter, as many as 99*9 per cent, of the 
bacteria in the sewage were removed. 

No. 5. Oarden Soil. — It was found that the quantity 
of sewage that could be purified with the garden-soil 
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filter was still less, and the reports state that with a 
depth of five feet no purification by nitrification took 
place. Although it was probable that no bacteria 
came through, the organic matter in the effluent was, 
at the end of two years, nearly as great as in the 
sewage. This soil remained continually so nearly 
saturated that, when only 5000 gallons per acre 
were being filtered daily, although free to drain 
over every square foot of the bottom, sufficient air 
could not be taken in to produce nitrification. 

The following Tables show the changes which were 
effected by fine-gravel filters worked at the rate of 
100,000 gallons per acre per day, the sewage being 
applied fourteen times a day for six days in the week. 
The air in the interstices of these filters was estimated 
at one-third their total capacity. 

Fine Gravel Filters. — ^Pabts per 100,000. 



1S89. 



May 23 

to 
June 22. 

June 23 

to 
July 22. 

Sept. 24 

to 
Oct 24. 



Sewage . 
Effluent. 



AmmoDU. 



Free. 



1-9919 
00031 



Albumi- 
noid. 



0*6031 
0-0376 



Sum of. 



2-6960 
00406 



Chlorine. 



616 
6 00 



Nitrogen as 



Nitrates. 



00 

20700 



Nitrites. 



Reduction in albuminoid ammonia 94 per cent. 



Sewage . 
Effluent . 



2-2500 
0-0050 



0-7255 
00354 



2-9765 



7-46 



00404 90104 



0-0 
22500 



Eeduction in albuminoid ammonia 95 per cent. 



Sewage . 
Effluent . 



20559 
0-0068 



0-6453 
0-0325 



2-7012 
00393 



5-55 
6-42 



0-0 
0-5700 



00 
0-0002 



0-0 
0-0004 



00 
0-0003 



Reduction in albuminoid ammonia 96 per cent. 
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The number of bacteria per cubic centimetre was 
reduced in the following proportion : — 



June 23 

to 
July 22. 

Sept. 24 

to 
Oct. 24. 



In the sewage ... 
In the effluent ... 
Reduction per cent. 

In the sewage ... 
In the effluent ... 
Reduction per cent. 



1,813,500 

13,523 

99-3 

3,034,000 

11,592 

99-6 



The American experiments, however valuable, were 
only made with weak sewage, and upon a very small 
scale. They demonstrated clearly the necessity for 
making the supply of sewage intermittent, and 
showed a percentage of purification which had never 
been obtained before. 

The London County Council, however, repeated 
the experiments in a modified way on a much larger 
scale. They constructed one filter of coke breeze 
(or rather what is technically known as " pan waste '*) 
an acre in extent. They also tried smaller filters of 
the following materials : — 

1. Burnt ballast. 

2. Lowestoft shingle, pea size. 

3. Coke breeze. 

4. Sand. 

5. A filter containing a certain amount of polarite. 
The London sewage was first of all precipitated 

in the ordinary way with lime water, and the tank 
effluent thus obtained was filtered. 
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The average results from the smaller filters are 
given * below : — 



Description of filter. 


Average oxygen ab- 
sorbed in four hours. 
Grains per gallon. 


Average albuminoid 

ammonia. 
Grains per gallon. 


Averagepurifl- 
cation effected, 
as determined 




Crude 
effluent. 


Filtrate. 


Crude 
effluent. 


FUtrate. 


by oxygen 
ai>sorbed. 


Burnt ballast ... 
Pea ballast 
Coke breeze ... 
Sand ... 
Proprietary filter 


1-881 
1-881 
1-881 
1-725 
1-881 


1-072 
0880 
0-711 
1-001 
721 


243 
0-257 
0-262 
0-250 
0-267 


0-125 
0-142 
0-103 
0-132 
0-106 


Per cent. 

43-3 
52-3 
62-2 
46-6 
61-6 



In the face of these results^ a large filter^ an acre 
in extent, was put down. This large filter was 
composed of three feet of coke breeze and three 
inches of gravel. After a number of preliminary 
experiments, the quantity of sewage filtered was 
gradually increased until as much as 1,000,000 
gallons of the tank eflfluent were filtered per acre per 
day. As a matter of fact, the quantity filtered was 
IJ million gallons per day for six days, the filter 
resting from ten on Saturday till six on Monday 
morning. The filter was worked under the super- 
vision of Mr. Dibdin, F.I.C., the late chemist to the 
London County Council, and the method of working 
it, which is original, was as follows : — 

The outlet from the filter was closed, and the 

* The results obtained by the London County Council have been 
published as separate reports ; they are also succinctly epitomized in 
'' The Purification of Sewage and Water," by W. J. Dibdin, F.l.C, 
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sewage was allowed to run on to the filter until it 
became quite full> its surface being submerged ; this 
generally took about two hours. The filter was then 
allowed to remain standing, without any more sewage 
going on, for just one hour, as Mr. Dibdin is of the 
opinion that the nutrifying organisms require a 
definite time in which to effect nitrification. After it 
had been standing for one hour, it was allowed to 
drain dry. This part of the process took about five 
hours, so that the whole of the process of filtration 
took eight hours. 

The amount of nitrification effected as given by 
Dibdin is shown in the Table on next page. 

In conclusion, it should be borne in mind that the 
coarse-grained filters which are worked intermittently 
effect the largest amount of oxidation or chemical 
purification. On the other hand, the finest grained 
sand filters, worked continuously, although effecting 
no chemical purification, arrest the largest quantity 
of bacteria. 

The most perfect system of purification would con- 
sist of passing the sewage first of all through an 
intermittent filter of coarse coal to thoroughly 
oxidize the ammonia into nitrates, and then to filter 
the effluent continuously through fine sand or river 
silt to arrest the bacteria. Such a dual process is 
indicated for works above the intake of any water 
company. 



122 



SEWAGE PURIFICATION. 



i 



a to 
« 9 



t CO 
S 6 



« O 



S 

o 

a 



« Q 



I 



«?& 






0) ^*^ 



k 

f 
I 



00 



II 

It 



CO 



to 

H 

4) 

p. 

OB 

d 
•g 



• CO 
is 00 

go 



S d O 






o 

o 



I 



1— « 

•<* 

1-1 

o 



o 

CO 



o 



CO 



CO 

CO 



CO 



1-1 



o 



1-4 



• 


. FUtrate. 

O095 


CO 

1-« 

1-4 
• 

o 


1^ 

• 

O 


1-4 

• 

o 



CO 
Oi 
CO 

o 



o 



o 

CO 
CO 



CO 
Oi 






lb 



§5 



CO 
Oi 

o 



oo 
oo 



CO 
CO 



CO 

1-1 



CO 



00 -, 

1-H ^ 
1^ .^ 



•^ 00 00 



CO 



-(N 



^ a 



p4 

<«1 



s >• <=> 

<1 125 



o 



o 3^ 

1-H O 

1-1 ,^_t 
OC 

S4 






a 

' • 






d 



a 

o 

'.a 

a 
o 



CHAPTEE VIII. 

SPECIAL FORMS OF SEWAGE FILTERS, 

Ducat's filter — Garfield's coal filter — Sewage distributors — The 
Lowcock filter — Comparative results with coke, breeze, coal, 
sand, and Lowcock's filter, Tipton and Buxton — Automatic 
arrangements for applying sewage intermittently. 

Dnoat's Filter. — A further improved method of filter- 
ing has been brought out by Colonel Ducat, late 
Inspector of the Local Government Board. The 
peculiarity of this filter is, that it is capable of 
filtering crude sewage. Its sides are constructed of 
ordinary drain pipes so placed that the outer ends 
are higher than the inner ones. At certain levels 
layers of drain pipes go through the whole of the 
filter. The sewage is caused to trickle continuously 
from carriers going over its surface. By this arrange- 
ment it is claimed that the air passes continually 
through the filter laterally, and that in consequence 
it will not require rest, and need not be worked 
intermittently. 

The author had the opportunity of seeing this filter 
at work on September 3rd, 1897. The crude sewage 
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going on yielded 0*72 part of albuminoid ammonia 
in 100,000, while the filter effluent contained 0*09 
part of albuminoid ammonia, and as much as 2*5 
parts of nitrogen as nitrates. The percentage of 
purification effected was 87*5. The quantity of 
sewage filtered per square yard of filter was 250 
gallons per day of 24 hours. 

It should be borne in mind that Colonel Ducat, at 
Hendon, is dealing with raw sewage which has not been 
precipitated ; the depth of the filter, however, is eight 
feet. Whether better results still would be effected by 
constructing the filter of coal is a point which is worth 
experimenting upon. Another arrangement which 
Colonel Ducat has made is for the filter to be kept 
warm in the winter months by passing hot-air pipes 
through it, the air being heated by a slow combustion 
stove. In a paper read at the Glasgow Conference of 
the Bristol Institute of Public Health, in September, 
1895, the author suggested the advisability of keeping 
all sewage filters warm by the circulation of hot- 
water pipes at a temperature of 90° Fahr. 

Since the London County Council experiments were 
made, a considerable number of filter experiments have 
been carried out in Derbyshire and Staffordshire. 

Coal Filters (Garfield's Patent). — Mr. Garfield, en- 
gineer of the Sewage Disposal Works, Wolverhampton, 
and Mr. E. W. T. Jones, County Analyst, Stafford- 
shire, have made a large number of experiments 
with different filtering media, and they found that 
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the most striking results could be obtained by 
filtering a tank effluent through coal. The reason 
why coal should give such excellent results is by no 
means settled, but there can be no doubt as to 
the high percentage of purification effected by this 
medium. The size of the material is a factor of the 
greatest importance. The authors of the coal-filter- 
ing process found that the best results are obtained 
with filters of a depth not greater than five feet. 
The bottom three inches of the filter is constructed 
of inch cubes covered with half-inch cubes for another 
three inches, this latter being covered with two feet 
of coal {free from dtist) which will pass through a 
|-inch screen, but stop upon a ^-inch screen, and 
upon this is a layer of two feet of coal washed free 
from dusty of a size that will go through a ^-inch 
screen, but stop on ^-inch screen. The top layer of 
all is composed of coal containing dust which will 
go through a |-inch screen. The object of this 
layer is to distribute the sewage evenly all over the 
surface of the filter (see Fig. 12). 

Mr. Garfield, like Colonel Ducat, works his filters on 
an entirely different plan from Mr. Dibdin. Instead 
of closing the outlet of the filter so as to fill it, he 
distributes the sewage over the surface of the filter 
by means of iron troughs or pipes which constantly 
overflow, or by means of a distributor. This dis- 
tributor will work with a head of three inches and is 
also suitable for a head of many feet. 
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It consists of small galvanized tabes (say f-inch in 
diameter) resting on the surface of the filter and 
placed say three feet apart. These tubes are per- 
forated with small holes, the size of which depends 
on the head of water and quantity to be delivered. 
These holes are also three feet apart. The whole 
series of the tubes are connected in the middle of 
their length by levers to a rod, which can be moved 
by hand or otherwise, through an angle of 45°, thus 
the jet is first thrown on one side of the tube and 
then on the other. The jets on one tube being half 
way between the jets on the other, a good and even 
distribution is obtained. 

It will be seen that, in the process of filtering 
sewage, it is a matter of the greatest importance 
to have the sewage distributed uniformly over the 
surface of the filters. A glazed sanitary ware sewage 
distributor has been brought out by Messrs. Wragg 
of Swadlincote. 

A further improvement is the sewage distributor of 
Mr. Corbett, the Borough Engineer of Salford. This 
consists of an arrangement for varying the quantity 
of sewage from time to time by an automatic flush- 
ing syphon, the sewage itself being distributed over 
the surface of the filter by means of iron pipes three 
or four feet apart, and having |-inch to ^-inch holes 
every three or four feet in their length. Two inches 
above each hole is an iron plate upon which the 
sewage impinges, and is thrown in a circle all round. 
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Ab the head in the flnshing tank diminiBhes the 
radms of the circle narro'ws, and in this way every 
part of the filter is alternately sprinkled. See 
Fig. 13. 
Besides the coal filter, which np to the present 
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Fra. 13. — AuTOUATio Sbwaob Dibtbibutob. 
time has given the best results ever obtained, the 
Lowcock filter has recently been tried in StafTord- 
shire. 

The Lowcock Sewa^ Filter. — In this most striking 
innovation in sewage filtering, the principle is 
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adopted of artifioially aerating the filters by means 
of a small blower, and thus increasing their efficiency 
by supplying the air needed for the sustenance of 
bacterial action. It is obvious that if this could be 
accomplished, instead of having filter beds in 
triplicate, to be used in turn, a filter bed could be 
used continuously, and a great saying of money and 
space could thereby be effected. The idea seems to 
have struck Mr. Lowcock, of Birmingham, and 
Colonel Waring, the well-known American engineer, 
about the same time. The two filters, however, have 
this difference — Mr. Lowcock introduces his air at 
the middle and blows it out with the effluent at the 
bottom, while Colonel Waring aerates his filters 
upwards. 

The Lowcock filter (see Fig. 14) consists of three 
inches of sand resting on nine inches of pea breeze ; 
this in turn rests on twelve inches of bean-sized 
pebbles, in the middle of which are a number of 
perforated pipes connected with a blower, which 
supplies a slow continuous stream of air evenly dis- 
tributed all over the filter. The layers of the filter 
above the air are more closely packed than below, so 
that the sewage and air pass as frothy films down- 
wards over three feet of coke breeze, or other suitable 
material, to the large open outlet at the bottom. 

The pressure of the air necessary to accomplish 
this is not more than equal to a column of water 
three or four inches in height. It is obvious that 
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if there is nine inches of water on the top of the 
filter the air will not pass up; but I believe the 
filters are now prepared by selecting the material 
of gradually increasing size from above downwards, 
so that, even when no water is in the filter, the air 
passes out at the bottom. The advantage of this is 
that it leaves the top of the filter undisturbed to 
intercept any matters left in suspension from the 
precipitating tanks and clarifiers. The work of the 
filter can be increased where there is fall to any 
depth, more air being supplied at different levels. 
The result is, that oxidation and nitrification proceed 
continuously and rapidly. 

Colonel Waring was able, at Newport, U.S.A., to 
effect a purification of 92*5 per cent.; while Mr. 
Lowcock, dealing with the Wolverhampton sewage, 
which is extremely difficult to treat, reduces the 
albuminoid ammonia from 80 to 90 per cent. 

Comparative Trials. — The coal, coke breeze, and the 
Lowcock filters have been tried at Tipton with the 
following results, for the report of which the author 
is indebted to Dr. George Eeid, the County Medical 
Officer of Staffordshire : — 
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The following are some results obtained with 
coal, destructor breeze, and coke breeze filters at 
Buxton : — 
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In addition to being tried at Buxton and Tipton, 
coal filters have been tried at Lichfield, Chesterfield, 
and Eimberley with equally striking results. 

Effluents, such as those from the coal filters at 
Tipton and Buxton, containing a large quantity of 
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nitrates and little organic ammonia^ are chemically 
practically perfect. 

Another improvement which ought to be mentioned 
with regard to the question of sewage filtration^ is 
the application of the sewage intermittently to the 
filters by means of automatic flushing tanks. Mr. 
G. J. Lomax has constructed polarite filters at Fails- 
worth upon this plan. 

Instead of having filters in triplicate^ using each 
filter for eight or twelve hours^ and then letting it 
rest for twelve or sixteen hours, each filter is supplied 
with two automatic flushing syphons, which discharge 
once every twenty minutes. The tank effluent is 
allowed to accumulate in a special reservoir for 
twenty minutes, the syphon then comes into action, 
and in a minute or two spreads the accumulated 
clarified sewage over the area of the filter bed, in 
five minutes the sewage disappears from the surface 
of the filter and draws air into its interstices. This 
air remains in contact with the thin films of organic 
matter left on the surface of the polarite for fifteen 
minutes, when the syphon again discharges. By 
placing one's hand at the effluent outlet pipe, just 
after the syphon has discharged, it is quite easy to 
feel the air being displaced — in fact, the current is 
sufficient to blow a match out if the outlet valve 
is half closed. No analyses are available to show 
the quantity of oxygen from the air taken up by the 
sewage, but if the quantity of the sewage is only 



AUTOMATIC AERATORS. 133 

kept low enough — say, not exceeding 250 gallons per 
day, per square yard — I believe 80 or 90 per cent, of 
purification would be effected. 

From the number of experiments and actual 
demonstrations which have been carried out, it has 
been shown that any degree of purification desired 
can be effected with sewage filters, by diminishing 
the quantity of sewage to be filtered per square yard. 

A method of making filters work automatically on 
the Dibdin system is the alternating gear devised 
by Mr. Cameron, of Exeter. In this arrangement, 
the effluent from the filter gradually fills a chamber 
off the effluent drain until the filter is completely 
waterlogged; the water rising in this chamber 
actuates a float which releases a valve at the outlet 
of the filter, and at the same time turns the tank 
effluent on to another filter. The author has 
thoroughly investigated this ingenious method of 
working the filters, and it can be thoroughly relied 
upon. 

More recently still, the simpler method has been 
adopted of putting an automatic flushing syphon 
in a chamber in connection with the effluent drain. 
The effluent from the filter gradually fills this 
chamber until the filter is waterlogged, it then 
syphons the filtrate out of the filter very rapidly. 
This arrangement in practice was found not to work 
unless ventilating pipes are passed freely through the 
top part of the filter. 



CHAPTER IX. 

THE NEW DEPARTURE ''BACTERIOLYSIS:' 

Scott Moncrieff's and Adeney's experiments — The Exeter septic 
process of Cameron — Results obtained at Exeter — Gktses 
resulting from the septic process. 

DuRiNa the last few years attempts have been made 
by Messrs. Scott Moncrieff and Donald Cameron/ of 
Exeter, to avoid the necessity for precipitation by 
causing the organic solid matter in suspension in 
the sewage to become liquefied by means of certain 
bacteria. 

It is well known that many bacteria have the 
power of liquefying solid albuminous matter ; in fact, 
one of the ordinary methods of distinguishing different 
species of bacteria is to ascertain their action upon 
such substances as gelatine, and as many as 196 
varieties out of 440 well-known bacteria have this 
property of liquefying gelatine. 

Scott Moncrieff liquefies the organic matter by 
straining the sewage through shallow channels filled 
with flints upon the surface of which the liquefying 
organisms grow. 



BA CTERIOL YS/S, 1 35 

Mr. Adeney, of Dublin — to whom we owe the word 
" bacteriolysis " — ^has suggested that the purification 
also of sewage could be effected by the action of 
micro-organisms by adding a sufficient quantity of 
nitrate of soda to the sewage. 

Dr. Sims Woodhead found that in 1 c.c. of Exeter 
crude sewage there were one million organisms which 
were anaerobic, or did not grow in the presence of 
air, and 5^ million organisms which were aerobic, or 
did live in the presence of air. Of the one million 
anaerobic, 300,000 were found to be liquefying 
organisms ; and of the 5^ millions aerobic, 500,000 
were also found to be liquefying: so that the pro- 
portion of liquefying organisms was found to be 
greater among the anaerobic than among the aerobic. 

The rapidity with which the various bacteria 
liquefy the solid organic matter varies considerably, 
and it is claimed by Mr. Cameron that those bacteria 
which live in the absence of air are the most active 
liquefying organisms. 

The Exeter septic process of purification consists 
of conducting the sewage into large closed tanks 
capable of holding a day's sewage. The tanks are 
covered with concrete arches carried by brick piers 
and levelled over with soil; they are designed to 
promote the growth of the liquefying organisms 
present in the sewage, by whose action the organic 
solids are naturally broken down into simpler sub- 
stances which can be dealt with by filtration. The 
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flow through the tanks is uniform and continuous^ 
the inlet and outlet being submerged so as to 
minimize the disturbance of the contents of the tank 
by the incoming and outgoing streams^ and to pre- 
vent the admission of air or the exit of gases into 
the sewers. It is claimed that practically the whole 
of the organic matter in suspension is by this means 
rendered liquid. 

In the experimental tanks at Exeter, it was found 
that during the first few months there was an increase 
in the depth of the deposit in the tank at the rate 
of an inch per month ; but after this, when the sludge 
has accumulated to a certain extent, the bacteria 
practically eat it away as fast as it is formed. 

In addition to the layer of the sludge at the 
bottom of the tank, a scum three or four inches in 
thickness also forms at the top, and flakes of organic 
matter fall from the surface scum to the bottom 
of the tank. At the bottom of the tank, therefore, 
decomposition takes place, and bubbles of gas are 
carried from this fermenting mass out at the top 
of the tank, and, in this way, millions of bacteria 
are continually falling with the organic matter from 
the scum to the bottom of the tank. Bubbles of gas 
keep ascending to the top, and carry with them 
other colonies of bacteria. The whole of the mass 
in the tank is thus constantly interchanging, and 
the liquefying bacteria are thus brought in contact 
with the whole of the organic matter in suspension. 
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Of course it is quite impossible for the bacteria 
to dissolve the road detritus, and reference to 
Table I shows that, while the mineral matter in the 
American sewage was about 5 parts per 100,000, 
and in the Exeter sewage 10 parts, that in a mining 
district, like Alfreton — where the quantity of water 
used is less than 10 gallons per head per day, and 
there are no water-closets — the mineral matter in 
suspension is 82*5 parts per 100,000. This suspended 
matter will have to be got rid of, either by simple 
subsidence before the sewage enters the septic tank, 
or else be precipitated in an ordinary Dortmund 
tank. At Exeter, it is proposed to let this mineral 
matter subside in three grit chambers, each fifteen 
feet square, and fifteen feet deep. 

After the sewage has passed through the septic 
tank, it is subsequently filtered through biological 
nitrifying filters, just as the tank effluent from a 
precipitating tank is filtered. 

At first sight it would appear that, by rendering 
the solid organic matter in suspension soluble, the 
amount of organic matter to be nitrified would be 
increased ; and because the sewage would be rendered 
stronger the difficulty of the problem would be 
increased. 

At Exeter, however, there is no doubt that this 
is not so ; indeed, the total organic matter is actually 
reduced by the process which takes place in the 
septic tank. 
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Mr. Perkins, the Public Analyst of Exeter, found 
that the average e£9u6nt from the septic tank 
collected throughout the 24 hours yielded 0*66 part 
of albuminoid ammonia per 100,000, while the raw 
sewage contained 1*2 parts, the purification effected 
being nearly 60 per cent. 

Dr. Bideal found the albuminoid ammonia was 
reduced from 1*4 to 0*64 part per 100,000, or a 
purification of 55 per cent. 

The author collected two samples at the same 
time in dry weather, when the crude sewage was 
found to contain 0*48 part of albuminoid ammonia 
per 100,000, and the septic tank effluent contained 
0*25 part. 

The chlorine at the same time showed that the 
raw sewage and effluent were similar, while the 
albuminoid ammonia showed a reduction of nearly 
50 per cent. 

Messrs. Dibdin and Thudichum found that a 
purification of 17*5 per cent, was effected in the 
septic tank. 

The actual figures obtained by Mr. Dibdin were 
the average of twelve samples, the crude sewage 
yielding 0*212 part of albuminoid ammonia per 
100,000, and the tank effluent 0175 part. The 
crude sewage is of an exceptionally weak character. 

Dr. Dupre found the reduction effected in the 
organic nitrogen as 27*7 per cent. 

The question immediately arises. What becomes 
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of the organic matter in the septic tank? The 
answer to this is, that it leaves the tank in the form 
of various gases. 

Dr. Bideal gives the following two analyses of 
gases formed in the septic tank : — 

Per cent, by volmne. 

Carbonic acid gas, CO2 ... 0*3 ... 0*6 

Marsh gas (methane), CH^ ... 20*3 ... 24*4 

Hydrogen, H 18*2 ... 36*4 

Nitrogen, N 61-2 ... 38-6 

100-0 100 

The gas which is formed is inflammable, and 
can be burnt through a Bunsen burner; or, in a 
scheme carried out on a large scale, it could be 
driven through a water-trap, so as to prevent any 
risk of explosion, and be burnt under steam boilers, 
or the heat might be utilized to keep the nitrifying 
filters warm. In addition to the gases which are 
driven off from the tank, a considerable amount of 
carbonic acid passes away dissolved in the tank 
effluent. 

The Table on next page gives the analyses of the 
raw sewage and tank effluent collected by the writer 
at 4.45 p.m., on January 3rd, 1898. 

It will be noticed that the tank effluent contained 
a small trace of nitrites. Dr. Bideal also found 
nitrates in the tank effluent, while Dr. Dupre found 
that the tank effluent contained from 0*05 to 0*06 
part per 100,000 of nitrites as nitric and nitrous 
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acid. This fact is of great importance^ because the 
oxygen in the nitrites certainly did not enter the 
sewage in the tank, as it is closed as perfectly as 
it practically can be. It therefore shows that there 
is in the Exeter sewage a supply of oxygen sufficient 
to commence the process of nitrification. This con- 
dition, which is peculiar and most exceptional in 
the sewage, is one that is particularly favourable 
to this process ; and wherever similar circumstances 
exist, the Exeter septic process may be considered 
as a suitable substitute for precipitation, and the 
annual cost of chemicals, and the difficulty of dealing 
with sludge be thereby avoided. 



Analyses of Raw Sewage and Tank Effluent 

(January 3, 1898). 
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CHAPTER X. 

CONCL US ION. 

What process of purification to adopt — When a sewage farm — 
When precipitation and land — ^When precipitation and arti- 
ficial filtration — Indications for a septic process. 

The question with which every Sanitary Authority 
is brought face to face is the very concrete one of 
" What process shall we adopt to purify our sewage ? " 

Before this question can be answered, certain 
definite knowledge must be obtained as to the nature 
of the sewage to be treated. Under this heading, 
information is required as to the nature of the manu- 
facturing wastes turned into the sewage; whether 
there is a public water supply; the quantity and 
quality of the water of the district ; the quantity of 
sewage per head per day. If the water supply is 
obtained from surface wells, the quantity of sewage 
will probably not be more than ten gallons per 
head per day. With regard to the water, it should 
be ascertained whether it is hard or soft, and whether 
it contains a large quantity of sulphates. 

Another important point upon which information 
must be obtained is, whether the sewers of the 
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district have a good fall so that the sewifige will 
reach the works comparatively fresh, or whether 
the sewers are flat and the sewage will be in an 
advanced state of decomposition by the time it 
reaches the sewage disposal works. 

Then another material point will be to ascertain 
whether much surface water enters the sewers, and 
an average day's sample of the sewage should be 
collected for experimental treatment. 

Nothing more than broad generalizations can 
be laid down without definite instances to deal 
with. 

In the first place, let us suppose that we have 
ordinary domestic sewage to purify, one not contain- 
ing any manufacturers' wastes. The first investiga* 
tion that should be made is as to whether there is 
a sufiBicient area of good sandy or gravelly soil which 
can be commanded by gravitation. In carrying out 
this investigation, great assistance will be obtained 
by carefully studying the geological maps of the 
district, particularly if published on a scale of six 
inches to the mile. 

Speaking generally, if the locality is on the boulder 
or other clay, the new red marl, the coal measures, 
Yoredale and limestone shales, the mountain lime- 
stone, and the pre-Gambrian rocks, the land may be 
pronounced as not suitable for sewage farm purposes. 
If, on the other hand, the formation is blown sand, 
drift, or other gravel, flint and chalk, hunter sand-* 
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stone^ old red sandstone, or possibly the millstone 
grit, a sewage farm may be advocated. 

The next step will be to have trial holes dug to 
a depth of six feet; too many of the holes cannot 
be dug, as it is frequently found that patches of 
sand or gravel, particularly if by the side of a river, 
do not extend over such large areas as they 
apparently seem to. 

What will be found very useful in carrying out 
these investigations is a small boring tool five or 
six feet long, and half-an-inch to three-quarters of 
an inch in diameter. With this instrument, the 
nature of the soU and subsoil may be ascertained, 
without obtaining leave to dig trial holes; and in 
the course of a couple of hours, with the assistance of 
a strong man, ten or more trial holes may be made. 

Whatever process of purification is adopted, road 
detritus must be allowed to settle in detritus tanks, 
and gross suspended matters must be separated by 
screening the sewage through a half-inch screen. The 
best screening arrangement, and the simplest, is the 
cage screen in use at Buxton, illustrated in Fig. 7. 

Having come to the conclusion that a sufficient 
area of sandy or gravelly 6oil is available, and that 
the' land can be obtained for not more than £150 per 
acre, a sewage farm may be decided upon. The 
question will then arise as to whether it will be 
necessary to precipitate. The answer to this ques* 
tion will depend very largely upon the freshness 
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and nature of the sewage. If it contains a lot of 
suspended matter, and is quite fresh, the sewers 
having good gradients, it is desirable that at least a 
rough kind of precipitating tank should be constructed. 
The tank e£9uent need not be of that purity that it is 
necessary to attain where biological filters alone are 
contemplated. If the sewage is stale by the time it 
reaches the disposal works, instead of a precipitating 
tank, a large settling tank and a rough strainer of 
coke breeze may be used. In any case it will always 
be found desirable to have laid out on the sewage farm 
a small biological intermittent filter, so that when 
the crops do not require the sewage it can be turned 
upon the biological filters, and the other arrangements 
described in Chapter Y. should be carried out. 

Where the land of the district is suitable for the 
purification of the sewage, but the price is more 
than £160 per acre, it will be found desirable to 
take a smaller area and adopt precipitation. 

If the sewage is domestic and weak, either from 
there being a very large water supply, or because a 
large quantity of subsoil water finds its way into the 
sewers, and the water of the district is soft and does 
not contain many sulphates, such a method as the 
septic tank process may be indicated. 

Where, however, there is not suitable land, or the 
sewage is not exceptionally weak, the process will 
have to be one of precipitation and filtration through 
biological filters. 
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With regard to precipitation, the best results will 
be obtained in the Dortmund tank. As to the 
chemicals which should be used, this will depend 
entirely upon the chemical nature of the sewage to 
be treated, and is a matter for definite experimentation 
in the actual tanks themselves after the construction 
of the outfall works. 

When, however, the sewage contains manufacturing 
wastes, in almost every case precipitation will have 
to be adopted — the particular form of precipitant to 
be used varying with the nature of the manufacturing 
processes carried on in the district. As has been 
pointed out in the chapter on Precipitation, in some 
few cases, such as where there is a large proportion 
of brewery waste or tannery waste in the sewage, 
it will be necessary for the sewage to undergo special 
modifications of the process of purification. 

First of all, dealing with manufacturers' wastes, 
all solid matters in suspension should be kept out 
of the sewers, and the wastes should be admitted to 
the sewers continvomly throughout each working day. 
Under various circumstances it may be necessary to 
pass the sewage through a septic tank, and thus 
remove a large proportion of the organic matter by 
fermentation ; and under some circumstances it must 
be remembered that the effluent from the septic 
tank will practically be a solution of sulphuretted 
hydrogen in sewage, and it will be necessary to sub- 
sequently precipitate with lime, or copperas, or a 

L 
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mixture of both, so as to prevent nuisance. After 
this, the tank ef9uent will have to be intermittently 
filtered through biological filters. 

Again, under special circumstances it may be neces- 
sary to precipitate first, and then pass the sewage 
through a septic tank; and, in the third place, 
through biological filters. But these are only special 
cases, where a considerable amount of manufacturers' 
wastes, containing a quantity of organic matter, are 
admitted into the sewers. 

Finally, for works above the intakes of a water 
company, after the sewage has been chemically 
purified by intermittent filtration, it is desirable 
that it should be bacteriologically purified by filtra- 
tion through shallow filters of sand or fine silt. 

In any case, before the engineer prepares his 
plans of construction, the scientific principles upon 
which the sewage is to be purified should be settled 
in consultation with a chemist and bacteriologist 
who has had special experience in dealing with this 
question. When our Local Authorities deal with this 
question in the manner advocated, we shall hear 
of fewer instances of failure and consequent dis- 
appointment. 
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tion of sewage, 37, 139 
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Lime as a precipitant, 87-89 
Lowcock's filter, 128 



MANUFACTURERS' wastes, 

, chlorine in, 18 

Manurial value of sewage, 81 

. ^ fallacy of, 83 

Massachusetts experiments on 

value of precipitants, 88 
, on filtration, 115-119 



NATIVE guano process: «ee 
A. B. C. process, 91 



ISO 



INDEX, 



Naylor, Mr. W., 42 
NitrificatioD, theory of, 23, 109- 
113 



ORGANIC ammonia, 15 
Oxygen absorbed, 19 



PARIS farm, 76 
Precipitants, 87-92 
Precipitation tanks, absolute 
rest, 94 

, continuous flow, 95 
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Boiler Calculations and Drawings of many Varieties of Boilers. 

" The book Is one whkh every mechanical engineer may, with advantage to himself, add to 
hte Uhnxyr—fmiHStries. 

" Mr. Foley b well fitted to compile such a work. . . . The diagrams are a great feature 
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By Robert Wilson, A.I.C.E., Author of " A Treatise on Steam Boilers," &c. 
Crown 8vo, cloth 3/6 

" A valuable contribution to the literature of scientific building." — The Builder. 



BOILER MAKER'S READY RECKONER & ASSISTANT. 

With Examples of Practical Geometry and Templating, for the TJse of Platers, 
Smiths, and Riveters. By John Courtney, Edited by D. K. Clark^ 
M.I. C.E. Third Edition, 480 pp., with 140 Illustrations. Fcap. Svo . 7/0 
" No workman or apprentice should be without this book." — Iron Trade Circular. 

REFRIQERATINQ & ICE-MAKINQ MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tavler, 
A.-M. Inst. C.E. Second Edition, Revised and Enlarged. With Illustrations. 
Crown 8vo, cloth. [Just Published. 7/6 

"Practical, explicit, and profusely illustrated." — Glasgow Herald. 

" We recommend the book, which gives the cost of various syfXems and illustrations showing 
details of parts of machinery and general arrangements of complete installations."— ^m'^&r. 

" May be reconmiended as a useful description of the machinery, the processes, and of the 
facts, figures, and tabulated physics of refrigerating. It is one of the best compilations on the 
sab^tct^— Engineer. 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 180^ and 1896. By Clement E. Stretton, C.E. Fifth Edition, 
Enlarged. With 120 Illustrations. Crown 8vo, cloth. [Just Published. 3/6 

" Students of railway history and all who are interested in the evolution of the modem loco- 
motive will find much to attract and entertain in this volume." — The Times. 

" The author of this work is well known to the railway world, and no one, probably, has a 
better knowledge of the history and development of the locomotive. The volume before us should 
be of value to aU connected with the railway system of this country." — Nature. 



ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. By 
A General Manager. Second Edition. 8vo, cloth. [Just Published. 12/0 

" This is an excellent and very useful book, covering subject-matter in constant requisition in 
every factory and workshop. . . . The book is invaluable, not only to the young engineer, but 
also to the estimate department of every works."— ^wiAfer. 

" We accord the work unqualified praise. The information is given in a plain, straightforward 
manner, and bears throughout evidence of the intimate practical acquaintance of the author with 
every phase of commercial cnf^cerixig."— Mechanical Ivorld. 
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AERIAL OR WIRE-ROPE TRAMWAYS. 

Their Construction and Management. By A. J.Wallis-Tayler, A.M.Inst.C.E. 
With 8i Illustrations. Crown 8vo, cloth. L/^w^ Puhlished. 7/6 

"This is in its way an excellent volume. Without eoing into the minutix of the subject, it 
yet lays before its readers a very good exposition of the vanoas systems of rope transmission m use, 
and fives as well not a little valuable information about their working, repair, and management. 
We can safely recommend it as a useful general trenOse on the subject." — The Engineer. 

" Mr. Tayler has treated the subiect as concisely as thoroughness would permit. The boo 
will rank with the best on this useful topic, and wc reconunend it to those whose business is the 
transporting of minerals and goods." — Mining yonrttal. 

MOTOR CARS OR POWER-CARRIAGES FOR COMMON 

ROAD5. 

By A. J. Wallis-Tayler, Assoc. Memb. Inst. C.E., Author of "Modem 
Cycles, &c. 312 pp., with 76 Illustrations. Crown 8vo, cloth . . 4/6 

" Mr. Wallis-Taylcr's book is a welcome addition to the literature of the subject, as it is the 
production of an Engineer, and has not been written with a view to assist in the promotion of 
companies. . . . The book is clearly cxprcssetl throughout, an<l is just the sort of work that 
an engineer, thinking of turning his attention to motor-carriage work, wo'uld do well to read as a 
preliminary to starting o^r?X\ox&."— Engineering. 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Joseph G. Hornbr, 

A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 7/6 

" The latest production from the pen of this writer is characterised by that evidence of close 
acquaintance with workshop methods which will render the book exceedingly acceptable to the 
practical hand. We have no hesitation in commending the work as a serviceable and practical 
nandt>ook on a subject which has not hitherto received much attention from those qualified to deal . 
with it in a satisiiactory vsaxantr."— Mechanical World. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engineering Construction, 
and including Gearing, both Hand and Macnme-made, Engine Work, Sheaves 
and Pulleys, Pipes and Columns, Screws, Machine Parts, Pumps and Cocks, 
the Moulding of Patterns in Loam and Greensand, &c., togeuer with the 
methods of estimating the weight of Castings ; with an Appendix of Tables for 
Workshop Reference. By Joseph G. Horner, A.M.I.M.E. Second Edition, 
Enlarged. With 450 Illustrations. Crown 8vo, cloth .... 7/6 

" A well-written technical guide, evidently written by a man who understands and has prac- 
tised What he has written about. . . . We cordially recommend it to engineering students, young 
journeymen, and others desirous of being initiated into the mysteries of pattern-making."— 5»«ZB&r. 

" More than 400 illustrations help to explain the text, which is, however, alwa3rs clear and ex- 
plicit, thus rendering the work an excellent vade mecum for the apprentice who desires to become 
master of his VnAt. —Englxsh Mechanic. 

MECHANICAL ENGINEERING TERMS 

(Lockwood's Dictionary of)- Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c., &c 
Comprising upwards of 6,000 Definitions. Edited by Joseph G. Hornrr, 
A.M.I.M.E. SecondEdition, Revised, with Additions. Crown 8vo, cloth 7/6 
" Just the sort of handy dictionary required by the various trades engaged in mechanical en- 
gineering. The practical engineering pupil will find the book of great value in his studies, and every 
foreman engineer and mechanic should have a copy."— Building News. 

" Not merely a dictionary, but, to a certain extent, also a most valuable guide. It strikes us 
as a happy idea to combine with a definition of the phrase useful information on the subject of 
which it treats." — Machiftery Market. 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By Joseph Horner, 

A.M.I.M.E. With 184 Illustrations. Crown 8vo, cloth . . . 6/0 

" We must give the book our unqualified praise for its thoroughness of treatment, and we can 
heartily recommend it to all interested as the most practical book on the subject yet written."— 
Mechanical World. 

FIRE5, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Foreign Fire Systems ; Hints on Fire-Brigades, &c. By Charles 
F. T. Young, CE. 8vo, cloth £1 49. 

" To such of our readers as are interested in the subject of fires and fire apparatus we can 
most heartily commend this t)ook.'' — En^ ineering. 
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STONE-WORKINQ MACHINERY. 

A Manual dealing with the Rapid and Economical Conversion of Stone. With 
Hints on the Arrangement and Management of Stone Works. By M. Powis 
Bale, M.I.M.E. Second Edition, enlarged. With Illustrations. Crown 8vo, 
cloth. [Just Pitblishtd. 9/0 

" The book should be in the hands of every mason or student of s)tonewoA."—CcUitry 
Guardian. 

" A capital handbook for all who manipulate stone for building or ornamental purposes."— 
Machinery Afarket. 

PUMPS AND PUMPINQ. 

A Handbook for Pump Users. Being Notes on Selecti<m, Construction, and 

Management. By M, Powis Bale, M.I.M.E. Third Edition. Revised. 

Crown 8vo, cloth. [Just PublisMd. 2/6 

" The matter is set forth as concisely as possible. In fact, condensation rather than diffuse- 

ness has been the author's aim throughout ; yet he does not seem to have omitted anything lilcdy to 

be of use."— yourtta/ of Gas Lighting. 

" Thoroughly practical and amply and clearly wntttXL"—Gias£'ow Herald, 

MILLING MACHINES AND PROCESSES. 

A Practical Treatise on Shaping Metals by Rotary Cutters. Including 
Information on Making and Grinding the Cutters. By Paul N. Hasluck, 
Author of "Lathe-Work." 352 pp. With upwards of 300 Engravings. Large 

crown 8vo, cloth 12/6 

" A new departure in engtneerine literature. . . . We can recommend this work to all in 
terested in milling machines ; it is what it professes to be~a practical XxeaxSsio."— Engineer. 

" A capital and reliable book which will no doubt be of considerable service both to those 
who are already acquainted with the process as well as to those who contemplate its adoption.' — 
Industries.. 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes emplojred in 
the Art of Turning. By Paul N. Hasluck. Fifth Edition. Crown 8vo, 
cloth 5/0 

" Written by a man who knows not only how work ought to be done, but who also knows how 
to do it, and bow to convey his knowledge to others. To alltumers this book would bei^uaUe."— 
Engineering: 

" We can safely recommend the work to young engineers. To the amateur it will simply be 
Invaluable. To the student it will convey a great deal of useful iaSoTma!d(m."~-Eng^uer, 

SCREW-THREADS, 

And Methods of Producing Them. With numerous Tables and complete 
Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 
of " Lathe- Work," &c. With Seventy-four Illustrations. Fourth Edition, 
Re-written and Enlarged. Waistcoat-pocket size 1/6 

" Full of useful information, hints and practical criticism. Taps, dies, and screwing tools 
generally are illustrated and their actions described." — Mechanical World. 

" It is a complete compendium of all the details of the screw<utting lathe ; in &ct a mmAwm- 
in-farvo on all the subjects it treats yx^n."— Carpenter and Builder. 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITBCTS, BUILDBRS, &c. 

Selected and Arranged by Francis Smith. Sixth Edition, Revised, including 
Electrical Tables, Formul^c;, and Memoranda. Waistcoat-pocket size, 
limp leather. [Jtist Publishsd. 1 /6 

" It would, perhaps, be as difficult to make a small pocket-book sdection of notes and formulae 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful attempt."— i^M^'Merr. 

" The best exam^e we have ever seen of 370 pages of usefttl matter packed into the dimen> 
sk>ns of a caad<asit."— Building News. " A ventable pocket treasury of knowledge."— /rv». 

POCKET QL055ARY OF TECHNICAL TERMS. 

English-French, French-English; with Tables suitable for the Architectural, 
Engineering, Manufactturing, and Nautical Professions. By John Iambs 
Fletcher, Engineer and Surveyor. Second Edition, Revised and Enlarged, 
900 pp. Waistcoat-pocket size, hmp leather 1/6 

" It is a very great advantage for readers and correspondents in France and England to have 
so large a number m the words relating to engiaeering and manufacturers collected in a lilliputian 
volume. The little book will be useful both to students and travellers."— ^rcA^c^ 

" The glossary of terms is very complete, and many of the Tables are new and well arranged. 
We cordially commend the bock."— Mechanical fVerld. 
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THE ENQINBER'S YEAR BOOK FOR 1899. 

Comprising Formulae, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Kemps, A.M. Inst. C."E., 
M.I.E.E., Technical Officer of the Enginecr-in-Chiefs Office, General Post 
Office, London, Author of "A Handbook of Electrical Testing." "The 
Electrical Engineer's Pocket-Book, " &c With about 900 Illustrations, specially 
Engraved for the work. Crown 8vo, 750 pp., leather. IJust Published. 8/0 
" Represents an enonnous quantity of work, and fiorms a desirable book of reference."— 77k« 

"The volume is distinctly in advance of most similar pubUcatioos in this country.' — 
Efiji^Heeriftg: 

" This valuable and well-designed book of reference meets the demands of all descriptions of 
€ngiattrs."—Saturday Review. 

" Teems, with up-to^iate information in every branch of engineering and construction. — 
BuiUtttfr Ntivs. 

" The needs of the engineering profesdon could hardly be supplied in a more admirable, 
complete and convenient form. To say that it more than sustains alTcon^iarisons is praise of the 
highest sort, and that may Justly be said of it."— AfiMtN^ youmal. 

" There is certainly room for the newcomer, wnidi supplies explanations and directions, as 
well as formulae and tables. It deserves to become one of the most succe^ul of the techmcal 
annuals. "—A rchitect. 

" Brings together with great skin all the technical information which an engineer has to use 
day by day. It is in every way admirably equipped, and is sure to prove succcssfui"— Scotsman. 

"The up-to-dateness of Mr. Kempe's compilation is a quality that wUl not be lost on the busy 
people for whom the work is intended." — Glasgow Herald. 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the use 
of Owners and Users of Steam Engines generally. By William Dyson 
Wansbrough. Crown 8vo, cloth 3/6 

" This is a work of value to those who use steam machinery. . . . Should be read by every 
one who has a steam engine, on a farm or elsewhere." — Mark Lane Express. 

" We cordially commend this work to buyers and owners of steam-engines, and to those who 
have to do with theu" construction or vs/s." —Timber Trades youmal. 

" Such a general knowledge of the steam-engine as t^. Wansbrough furnishes to the reader 
should be acquired by all intelligent owners and others who use the steam-engine." — Building News. 

" An excellent text-t>ook of this useful form of engine. The ' Hints to Purchasers' contain a 
good deal of common-sense and practical wisdom."— EngiisA Mechanic. 

IRON AND STEEL- 

A Work for the Forge, Foundry^ Factory, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock>takers : 
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mec£uiical, Mining, and Con- 
sulting Engineers ; Architects, Contractors, Builders, &c. By Charles Hoars, 
Author of^' The Slide Rule," &c. Ninth Edition. 32mo, leather . 6/0 

" For comprehensiveness the book has not its equaL"— /r^M. 
" One of the best of the pocket hooks."— English Mechanic. 

CONDENSED MECHANICS. 

A Selection of Formulae, Rules, Tables, and Data for the Use of Engineering 
Students, Science Classes, &c In accordance with the Requirements of the 
Science and Art Department. By W. G. Crawford Hughes, A.M.I.C.E. 

Crown 8vo, cloth 2/6 

" The book is well fitted for those who are either confronted with practical problems in 
their work, or are preparing for examination and wish to refresh their knowledge by gomg through 
their formulae a^ain." — Marine Engineer. 

"It is well arranged, and meets the wants of those for whom it is iatendod."— Railway News. 

THE SAFE USE OF STEAM. 

Containing Rules for Unprofessional Steam Users. By an Engineer. Seventh 
Edition. Sewed. 6d. 

" If steam-users would but leam this little book by heart, boiler explosions would become 
sensations by their nAty."— English Mechanic. 

HEATING BY HOT WATER. 

With Informati<m and Suggestions on the best Methods of Heating Public, 

Private and Horticultural Buildings. By Walter Jones. Second Edition. 

With 96 Illitstrations, croMm 8vo, cloth . . ... Net 2/6 

" We confidently reconunend all interested in heating by hot water to secure a copy of this 
valuable little treatise.^'— rAe Plumber and Decorator. 
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LIQHT RAILWAYS FOR THE UNITED KINGDOM, 

INDIA, AND THB COLONIB5. 

A Practical Handbook setting forth the Principles on which Light Railways 
should be^ Constructed, Worked, and Financea ; and detailing the Cost of 
Construction, Equipment, Revenue and Working Expenses of Local Railways 
already established in the above-mentioned countries, and in Belgium. France, 
Switzerland, &c. By J. C. Mackay, F.G.S., A.M. Inst.C.E. Illustrated 
with Plates and Diagrams. M^ium 8vo, cloth. IJiist Published. 1 5/0 

"Mr. Mackay's volume is clearly and concisely written, admirably arranged, and freely 
illustrated. The book is exactly what has been lone wanted. We recommend it to all interested 
in the subiect. It is sure to have a wide ssle."—Jiaihvav News. 

" Those who desire to have within reach eeneraf information conceminsf almost all the Hght 
railway systems in the worid will do well to buy Mr. Mackay's book." — Enj^mer. 

" This work ai^pears very opportunely, when the extension of the system on a larg^e scale to 
England is at last being mooted. In its pages we find all the information that the heart of man can 
desire on the subject. . . . every det^m its story, founded on the experience of other countries 
and applied to the possibilities of England, is put before us."— Spectator. 

PRACTICAL TUNNELLING. 

Explaining in detail Setting-out the Works, Shaft-sinking, and Heading-driving, 
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Timnek, with the amount of Lahour 
required for, and the Cost of, the various portions of the work. By Frederick 
W. SiMMS. M. Inst.C.E. Fourth Edition, Revised and Further Extended, 
including tne most recent (1805) Examples of Sub-aqueous and other Tunnels, 
by D. KiNNEAR Clark, M. Inst. C.E. Imperial 8vo, with 34 Folding Plates 
and other Illustrations. Cloth. lji*st Published. £2 2s. 

"The present (1896) edition has been brought right up to date, and is thus rendered a work to 
which civil engineers generally should have ready access, and to which engineers who have con- 
struction work can hardly afford to be without, but which to the younger members of the profession 
is invaluable, as from its pages they can learn the state to which the science of tunnelling has 
attained."— ^at'/zt/oy News. 

" The estimation in which Mr. Simms's book has been held for many years cannot be more 
truly expressed than in the words of the late Prof. Rankine: ' The best source of information on 
the subject of tunnels is Mr. F. W. Simms's work on Practical Tunnelling.' "—Architect. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATBR-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Enpneering. 

By W. K. Burton, A.M. Inst. C.E., Professor of Sanitary Engineering in the 

Imperial University, Tokyo, Japan, and Consulting Engineer to the Tokyo 

Water-works. Second Edition, Revised and Extended. With numerous 

Plates and Illustrations. Super-royal Svo, buckram. \Just Published. 25/0 

I. Introductory. — II. Different Qualities of water. — III. Quantity of 
Water to be provided.— iv. On Ascertaining whether a proposed Source of 
supply is Sufficient.— v. on estimating the Storage Capacity required 

TO BE provided.— VI. CLASSIFICATION OF WATER-WORKS.— VII. IMPOUNDING RESER- 
VOIRS.— VIII. Earthwork Dams.— IX. Masonry Dams.— X. the Purification of 
Water.— XI. settling reservoirs.— XI I. Sand Filtration.— XIII. Purification 
of Water by Action of Iron, softening of Water by Action of Lime. Natural 
Filtration.— XIV. service or Clean Water Reservoirs— water Towers— Stand 
Pipes.— XV. The Connection of Settling Reservoirs. Filter beds and Service 
Reservoirs.— XVI. pumping Machinery.- xvii. flow of water in conduits- 
Pipes and Open Channels.— xvili. Distribution systems.— XIX. Special Pro- 
visions FOR THE Extinction of fire.— xx. Pipes for water-works.- XXI. Pre- 
vention OF Waste of Water.— XXII. Various applications used in Connection 
with Water-works. 

appendix I. By PROF. JOHN MILNE. F.R.S.— CONSIDERATIONS CONCERNING THB 
PROBABLE EFFECTS OF EARTHQUAKES ON WATER-WORKS, AND THB SPECIAL PRE- 
CAUTIONS TO BE TAKEN IN EARTHQUAKE COUNTRIES. 

APPENDIX II. By JOHN DE RIJKE. C.E.— ON SAND DUNES AND DUNB SAND AS 

A SOURCE OF Water supply. 

"The chapter upon filtration of water is very complete, and the details of construction well 
illustrated. . . . Tne work should be specially valuable to civil engineers engaged in work in 
Japan, but the interest is by no means confined to that \oQi£\\.y."— Engineer. 

" We congratulate the author upon the practical commonsense shown in the preparation of 
this work. . . . The plates and diagrams have evidently been prepared with great care, and 
cannot fail to be of great assistance to the student."— Bui/det. 

" The whole art of water- works construction is dealt with in a clear and comprehensive fashion 
in this handsome volume. . . . Mr. Burton's practical treatise shows in all its sections the fruit 
of independent study and individual experience. It is largely based upon his own pracUce in the 
branch of engineering of which it ttedXs."— Saturday Review. 
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THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humber. A. M. Inst. C.E., and M.Inst. M.E., Author of "Cast 
and Wrought Iron Bridge Construction^" &c, &c. Illustrated with 50 Double 
Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 
half-bound in morocco Net £6 6s. 

List of Contents. 

I. Historical Sketch of some of the means that have been adopted for 
THE Supply of Water to Cities and Towns.— II. water and the Foreign Matter 

USUALLY associated WITH IT.— III. RAINFALL AND EVAPORATION.— IV. SPRINGS AND 

THE Water-bearing Formations of various Districts.— v. measurement and 

ESTIMATION OF THE FLOW OF WATER-— VI. ON THE SELECTION OF THE SOURCE OF 

SUPPLY.— VII. Wells.— VIII. Reservoirs.— IX. The Purification of Water.— 
X. Pumps.— XI. Pumpinc; Machinery.— Xll. Conduits.— XIII. Distribution of Watbr. 
—XIV. Meters. Service Pipes, and House Fittings.— XV. the Law of economy of 
Water-works.- XVI. Constant and intermittent Supply.— XVII. Description of 
Plates.- Appendices, giving Tables of Rates 6f iSupply, Velocities. Ac, &c., 
together with specifications of several works illustrated, among which 
will be found : aberdeen, bideford. canterbury, dundee, halifax, lambeth, 
rotherham, dublin, and others. 

" The most systematic and valuable work upon water supply hitherto produced in English, or 
in any other language. . . . Mr. Humber*s work is characterised alinost throi^^ofut by an 
exhaustiveness much more distinctive of French and German than of English technical treatises."— 
Engineer, 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for small Country Districts. By Allan Greenwbll, A.M.I.C.E., 
and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth. [Just Published. 6/0 

"We conscientiously recommend it as a very useful book for those concerned in obtaining 
water for small districts, giving a great deal of practical information in a small compass."— Builder. 

" The volume contains valuable information upon all matters connected with water supply 
. . It is full of details on points which are continually before water .works engineers."— 
Nature. 

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULiC. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formuls, Tables, and General Information on Rain-fall, 
Catchm^it- Basins, Drainage, Sewerage, Water Sm^ly for Towns and Iklill 
Power. By John Neville, Civil Engineer, M.K.I.A. Third Edition, 
revised, with additions. Numerous Illustrations. Crown 8vo, cloth . 1 4/0 

" It is, of all English books on the subject, the one nearest to completeness. . . . From 
the good arrangement of the matter, the clear explanations and abundance of formulae, the carefully 
calculated tables, and, above all, the thorough acquaintance with both theory and construction, 
which is displayed from first to last, the book will be found to be an zcqvAaMon.— Architect, 

HYDRAULIC MANUAL. 

Consisting of Working Tables amd Explanatory Text. Intended as a Guide in 
Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 
Author of "Aid to Survey Practice," "Modem Metrology," &c. Fourth 
Edition, Enlarged. Large crown 8vo, cloth • « • . • • 1 6/0 

" The author has had a wide experience in hydraulic engineering and has been a careful 

observer of the facts which have come under his notice, and from the great mass of material at his 

command he has constructed a manual which may be accepted as a trustworthy guide to this 

branch of the engineer's profession."— £«^'««ri«^. 

" The most useful feature of this work is its freedom from what is superannuated, and its 

thorough adoption of recent experiments ; the text is in fact in great part a short account of the 

great modem experiments."— A^a/Mne. 

WATER ENQINEERING. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
By C. Slagg, a. M. Inst. C.E. Second Edition. Crown 8vo, cloth . 7/6 

As a small practical treatise on the water supply of towns, and on some applications of water- 
power, the work is in many resi>ects excellent." — Engituering: 

" The author has collated the results deduced from the experiments of the most eminent 
authorities, and has presented them in a compact and practical form, accompanied by very dear 
and detailed explanations. . . . The apphcation of water as a motive power is treated very 
carefully and exhaustively."— ^j/iVifer. 
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MA50NRY DAMS FROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By 
C. F. Courtney, M. Inst. C.E. 8vo, cloth. IJwst Published. 9/0 

RIVER BAR5. 

The Causes of their Formation, and their Treatment by " Induced Tidal 
Scour ; " with a Description of the Successful Reduction by this Method of 
the Bar at Dublin. Byl. J. Mann, Assist. Eng. to the Dublin Port and Docks 
Board. Royal 8vo, cloth 7IQ 

" We recommend all interested in harbour works — and, indeed, those concerned in the 
improvements of rivers generally —to read Mr. Mann's interesting work on the treatment of river 
hah."— £n£ineer. 

DRAINAGE OF LANDS, TOWNS AND BUILDINGS. 

By G. D. Dempsey, C.E. Revised, with large Additions on Recent Prac- 
tice IN Drainage Engineering, by D. Kinnear Clark, M. Inst. C.E., 
Authorof "Tramways: their Construction and Working." Cr.Svo, cloth . 4/G 

• The new matter added to Mr. D 
hen»ve grasp and accuracy of detail 



" The new matter added to Mr. Dempsey's excellent work is characterised by the compre- 
grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sufficient 
voucher.' — Athenautn. 



TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the Various Modes of Traction, includin|; Horse Power, Steam, 
Cable Traction, Electric Traction, &c. ; a Description of the Varieties of 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughl3r Revised, and Including the Progress recently made in 
Tramway Construction, &c., &c. By D. -Kinnear Clark, M. Inst. C.E. 
With 400 Illustrations. 8vo, 780 pp., buckram. [Just Published. 28/0 

" Although described as a new edition, this book is really a new one, a large part of it, which 
covers historical ground, having been re-written and amplified ; while the parts which relate to alt 
that has been done since 1882 appear in this edition only. It is sixteen years since the first edition 
appeared, and twelve years smce the supplementary volume to the first book was published. 
After a lapse, then, of twelve years, it is obvious that the author has at his disposal a vast 
quantity of descriptive and statistical information, with which he may, and has, produced a 
volume of great value to all interested in tramway construction and workmg. The new volume is 
one which will rank, among tramway engineers and those interested in tramway working, with hi» 
world-famed book on railway machinery."— TA* Engituer, March 8, 1895. 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Survey-work in 
the Colonies. By George W. Usill, A.M.I.C.E. With 4 Plates and up- 
wards of 330 Illustrations. Fifth Edition, Revised and Enlarged. Including 
Tables of Natural Sines, Tangents, Secants, &c. Crown 8vo, cloth 7/6 ; or, 
on Thin Paper, bound in limp leather, gilt edges, rounded comers, for 
pocket use 1 2/S 

" The best forms of instruments are described as to their construction, uses and modes, 
of employment, and there are innumerable hints on work and equipment such as the author, in 
his experience as surveyor, draughtsman and teacher, has found necessary, and which the student 
in his mexperience will find most serviceable."— £«^"«*«r. 

" The latest treatise in the English language on surveying, and we have no hesitation in say- 
ing that the student will find it a better guide than any of its predecessors. Deserves to be 
recognised as the first book which should be put in the hands of a pupil of Civil Engineering."— 
Architect. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out ; and in Route Sur- 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
By Lowis D'A. Jackson, A.M.I.C.E. Second Edition, Enlarged. Large 
crown 8vo, cloth . "1 2/6 

" Mr. Jackson has produced a valuable vacU-nucutn for the surveyor. We can recommend 
this book as containing an admirable supplement to the teachmg of the accomplished surveyor."— 
Athenaunt. 

" As a text-book we should advise all surveyors to place it in their libraries, and 4Kdy weU 
the matured instructions afforded in its pages."— Co/ZiVry Guardian. 

" The author brings to his work a fortunate union of theory and practical exp>erlence which^ 
idded by a clear and luad style of writing, renders the book a very useful one."— Builder. 
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ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations. of Systems, and 
use of Theodolite for Traverse Surveying and plotting the work vdth minute 
accuracy by means of Straight £dge and Set Square only ; Levelling with the 
Theodolite, Casting-out and Reducing Levels to Datum, and Plotting Sections 
in the ordinary manner ; Settinjg-out Curves vdth the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the Instrument ; 
Setting-out Curves without Theodolite on the System of Tangential Angles by 
Sets of Tangents and Offsets ; and Earthwork Tables to 80 feet deep, calcu- 
lated for every 6 inches in depth. By W. Davis Haskoll, C.E. With 
numerous Woodcuts. Fourth Eiditicm, Enlarged. Crown 8vo, cloth . 1 2/0 

" The book is very handy ; the separate tables of sfaies and tangents to every minute will make 
it useful for many other purposes, the genuine traverse tables existing all the saxat,"— A thet$at*fH. 

" Everv person engaged in en^neering field operations will estunate the importance of such 
a work and the amount of valuable tune which will be saved by reference to a set of reliable taUes 
prepared with the accuracy and fulness of those given in this volume." — Raitway News. 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railways ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. S^ond 
Eklition, Revised, wim Additions. Large crown 8vo, cloth . 9/0 

" This book must prove of ^reat value to the student. We have no hesitation in recom- 
mending it. feeling assured that it will more than repay a careful study."— Mechanical IVortd. 

" A most useful book for the student. We strongly recommend it as a carefully-written 
and valuable text-book. It enioys a well-deserved repute among surveyors."— ^Kj/ifcr. 

" This volume cannot fail to prove of the utmost practical utility. It may be safely recom- 
cnended to all students who aspire to become clean and expert surveyors." — MiniHff journal. 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Frederick W. Simms, F.G.S., M. Inst. C.E. Eighth Edition, with the 
addition of Law's Practical Examples for Settine-out Railway Curves, and 
Trautwine's Field Practice of Laying-out Circular Curves. With 7 Flates 

and numerous Woodcuts, Svo, cloth 8/8 

*** Trautwine on Curves may be had separate S/O 

" The text-book on levelling in most of our engineering schools and colleges." — Engituer. 
"The publishers have rendered a substantial service to the profession, especi^y to the 
younger members, by bringing out the present edition of Mr. Simms's useful ytotk."—EngiHeeri**£. 

AN OUTLINE OP THE METHOD OF CONDUCTING 

A TRIOONOMBTRICAL 5URVBY. 

For the Formation of Geographical and Topo^s4>hical Maps and Plans, Mili- 
tary Reconnaissance, LEVELLING, &c., with Useful Problems, Formube, 
and Tables. By Lieut. -General Frome, R.E. Fourth Edition, Revised and 
partly Re-written by Major-General Sir Charles Warren, G.C.M.G., R.E. 
With 19 Plates and 115 Woodcuts, royal Svo, cloth .... 18/0 

" No words of praise from us can strengthen the position so well and so steadily maintained 
by this work. Sir Charles Warren has revised the entire work, and made such additions as were 
necessary to bring every portion of the contents up to the present dale."— Broad Arrow. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 

FOR 5ETTINa-OUT CURVES. 

From 5 to 200 Radius. B^ A. Beazelev, M. Inst. C.E. 6th Edition, 
Revised. With an Appendix on the use of the Tables for Measuring up 
Curves. Printed on 50 Cards, and sold in a cloth box, waistcoat-pocket size. 

[Just Publisfud, 3/8 
" Each table is printed on a card, which, placed on the theodolite, leaves the hands free 
to manipulate the instrument — no small advantage as regards the rapidity of work." — Engineer. 

" Very handy : a man may know that all his day's work must fall on two of these cards, which 
he puts into his own card-case, and leaves the rest \)tiiand."—Athenaum. 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slo[>es of Cuttings and 
Embankments from 3 inches to 80 feet in. Depth or Height, for use with either 
66 feet Chain or 100 feet Chain. By J. H. Watson Buck, M. Inst. C.E. 
On a Sheet mounted in cloth case. {Just Published. 3/8 
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EARTHWORK TABLES. 

Showing the Contents in Cubic Yards of Embankments, Cuttings, &c., of 
Heights or Depths up to an average of 80 feet. By Joseph Broadbent, C.E., 
and Francis Cam pin, C.E. Crown 8vo, cloth ... . SIO 

" The way in which accuracy is attained, by a simple division of each cross section into three 
elements, two in which are constant and one variable, is ingemous."— A t/unatim, 

A MANUAL ON EARTHWORK. 

By Alex. J. S. Graham, C.E. With numerous Diagrams. Second Eklition. 
z8mo, cloth 2/6 

THE CONSTRUCTION OP LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By J. H. Watson Buck, M. Inst. C.E., 
Resident Engineer, L. and N. W. R. With Folding Plates, Bvo, cloth 1 2/0 

" Many of the methods given are of extreme practical value to the mason, and the observa- 
tions on the form of arch, the mles for orderingr the stone, and the construction of the templates, 
will be found of considerable use. We commend the book to the engineering profession."— 
Building' News. 

" Will be regarded by civil engineers as of the utmost value, and calculated to save much 
time and obviate many mistakes." — Colliery Guardian. 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION. 

(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts. — Theoretical, Practical, and Descriptive. By William Humbbr, 
A. M. Inst. C.E., and M. Inst. M.E. Third E!dition, revised and much im- 
proved, with 115 Double Plates (20 of which now first appear in this edition), 
and numerous Additions to the Text. In 2 vols., imp. 4to, half-bound in 

morocco £6 16s. 6d. 

" A very valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans, and sections, large scale details are given, which very much enhance the 
instructive worth of those illustrations." — Civil Engineer and ArckiUcfs yottmal. 

"Mr. Humber's stately volumes, lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. Curatt, 
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent 
engineers, are drawn and specified in great detail." — Engineer. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late George 
Watson Buck, M.I. C.E. Fourth Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Diagrams for 
Facilitating the Construction of Oblique Bridges, by W. H. Barlow, M.I.CE. 
Royal 8vo, cloth 1 2/0 

"The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, 
and it would be impossible to consult a \xXXvt."— Engineer. 

" Mr. Buck's treatise b recognised as a standard text-book, and his treatment has divested 
the subject of many of the intricacies supposed to belong to it. As a guide to the engineer and 
architect, on a confessedly difficult subject, Mr. Buck's work is yxasax^ass^d.."— Building News. 

THE CONSTRUCTION OP OBLIQUE ARCHES 

(A Practical Treatise on). By John Hart. Third Edition, with Plates. 
Imperial 8vo, cloth 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Roofs, Solid 
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. By R. Hudson Graham, C.E. Containing 
Dia^ams and Plates to Scale. With numerous Examples, many taken from 
existing Structures. Specially arranged for Class-work in Colleges and 
Universities. Second Edition, Revised and Enlarged. 8vo, cloth . 1 6/0 

" Mr. Graham's book will find a place wherever graphic and analytic statics are used or 
studied."— fytfin^^r. 

" The work is excellent from a practical point of view, and has evidently been prepared 
with much care. The directions for working are simple, and are illustrated by an abundance of 
well^selected examples. It is an excellent text-book for tne practical draughtsman."— >4/Aen<rMm. 

PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic. Giving Rules for the Delineation 
and Application of various Geometrical Lines, Figures, and Curves. By 
E. W. Tarn, M.A., Architect. 8vo, cloth 9/0 

" No book with the same objects in view has ever been published in which the clearness of 
the rules laid down and the illustrative diagrams have been so satisfactory."— 5cv/:rma». 
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THE QEOMETRY OF C0MPA55B5. 

Or, Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Oliver Byrne. Coloured Plates. 
Crown 8vo, cloth SIS 

WEIGHTS OP WROUGHT IRON & STEEL GIRDERS. 

A Graphic Table for Facilitating the Computation of the Weights of Wrought 
Iron and Steel Girders, &c, for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst. C.E. On a Sheet 2/6 

HANDY BOOK FOR THE CALCULATION OP STRAINS 

In Girders and Similar Structures and their Strength. Consisting of Formulae 
and Corresponding Diagrams, with numerous details for Practical Applica- 
tion, &c By William Humber, A. M. Inst. C.E., &c. Fifth Edition. 
Crown 8vo, vrith nearly loo Woodcuts and 3 Plates, cloth . . . 7IQ 

" The fonnube are neatly expressed, and the diagrams good." — AthttutHttt. 

" We heartily commend this really handy book to our engineer and architect readers."— 
English Mechanic. 

TRUSSES OP WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses, Breaking 

Weights, Safe Loads, Scantlings, and Details of Construction. With Complete 

Worlcing Drawings. By William Griffiths, Surveyor, Assistant Master, 

Tranmere School of Science and Art. Oblong 8vo, cloth . . 4/8 

"This handy little book enters so minutely into every detail connected with the con- 
struction of roof trusses that no student need be ignorant of these matters." — Practical Enginetr. 

THE STRAINS ON STRUCTURES OP IRONWORK, 

With Practical Remarks on Iron Construction. By F. W. Sheilds, M.I.C.E. 
8vo, cloth 6/0 

A TREATISE ON THE STRENGTH OP MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways^ «c By Peter Barlow, F.R.S. A new Ekiition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added, Bxperiments by Hodgkinson, Fairbairn, and Kirkaldv; and 
Formulae for csuculating Girders, &c. Arranged and Edited by Wm. Humber, 
A. M. Inst.C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous 

Woodcuts, cloth 1 8/0 

" Valuable alike to the student, tyro, and the experienced practitioner, it will always rank 

in future as it has hitherto done, as the standard treatise on that particular subject." — Eneinter. 

" As a scientific work of the first class, it deserves a foremost place on the bookshelves •£ 

every dvil engineer and practical mechanic."— £'/ff/tf A AlechaHic. 

STRENGTH OP CAST IRON AND OTHER METALS. 

By Thomas Tredgold, C.E. Fifth Edition, including Hodgkinson's Experi- 
mental Researches. 8vo, cloth 1 2/0 

SAFE RAILWAY WORKING, 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De- 
scription of Modem Appliances and Systems. By Clement E. Stretton, 
C.E., Vice-President and Consulting Engineer, Amalgamated^ Societjr of 
Railway Servants. With Illustrations and Coloured Plates. Third Edition, 
Enlarged. Crown 8vo, cloth 3/8 

"A book for the eng^eer, the directors, the manasrers; and. in short, all who wish for 
information on railway matters will find a perfect encyclopaedia in ' Safe Railway Wortdng.' "— 
Railway Review. 

"We commend the remarks on railwav ^gnalling to all railway managers, especially wfaeie 
a uniform code and practice is advocated." — Herepath's Railway youmal. 

EXPANSION OP STRUCTURES BY HEAT. 

By John Keilv, C.E., late of the Indian Public Works Department. Crown 

8vo, cloth 3/6 

" The aim the author has set before him, viz., to show the effects of heat upon metallic and 
ether structures, is a laudable one. for this is a branch of physics upon which the engineer or 
architect can find but little reliable and comprehensive data in books."— ^»»^r. 



CIVIL ENGINEERING, SURVEYING, S'C, 15 



RECORD OF THE PROGRESS OF MODERN 

ENOINEERINO. 

Complete in Four Volumes, imperial 410, half-morocco, price £12 ISs. 

Each volume sold separatel^r, as follows : — 
First Series, Comprising Civil, Mechanical, Marine, Hydraulic, Railway, 
Bridge, and other Engineering Works, &c. By William Humber, 
A. M. Inst. C.E., &c. Imp. 410, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious 
descriptive Letterpress, Specifications, &c Half-morocco . . £3 Ss. 

List of the Plates and Diagrams. 
Victoria Station and Roof. L. b. & s. C. R. (8 plates) ; Southport Pier 

(2 PLATES) ; VICTORIA STATION AND ROOF, L. C. & D. AND G. W. R, (6 PLATESJ ; ROOF 

OF Cremorne Music Hall; Bridge o\'br G. N. Railway; Roof of Station, 
Dutch Rhenish Rail. (2 plates); Bridge over the Thames, West London 
Extension railway (s plates); armour Plates: Suspension bridge, Thames 
(4 plates) ; The Allen Engine ; Suspension Bridge, Avon (3 plates) ; Under- 
ground Railway (3 plates). 

HUMBER'S PROGRESS OF MODERN ENGINEERING. 

Second Series. Imp. 4to, with 3 Double Plates, Photographic Portrait of 
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter- 
press, Specifications, &c. Half-morocco £3 Ss. 

List of the Plates and Diagrams. 

Birkenhead Docks, low water Basin (15 plates) ; Charing Cross Station 
Roof, C. C. Railway (3 plates); Digswell Viaduct, Great Northern Railway; 
Robbery Wood Viaduct, Great Northern Railway; iron Permanent Way; 
Clydach Viaduct, Merthyr, Tredegar, and Abergavenny Railway ; Ebbw 
Viaduct, merthyr, Tredegar, and Abergavenny railway; College wood 
Viaduct, Cornwall Railway; Dublin Winter Palace Roof (3 plates); Bridge 
over the Thames, l. c. & D. Railway (6 plates); Albert Harbour, Greenock 
(4 plates). 

HUMBER'S PROGRESS OF MODERN ENGINEERING. 

Third Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of 
T. R. M 'Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, 
Specifications, &c. Half-morocco £3 3 8. 

List of the Plates and Diagrams. 

Main Drainage, Metropolis.— A^i^r/* Side.— Map showing Interception of 
Sewers ; Middle Level Sewer (2 plates) ; Outfall Sewer, Bridge over river 

Lea (3 PLATES) ; OUTFALL SEWER, BRIDGE OVER MARSH LANE, NORTH WOOLWICH 

Railway, and bow and barking Railway Junction; Outfall Sewer, Bridge over 
Bow AND Barking Railway (3 plates) ; Outfall Sewer, Bridge over East London 
Water-works' Feeder (2 plates) ; Outfall Sewer Reservoir (2 plates) ; Outfall 
Sewer, Tumbling Bay and Outlet ; outfall Sewer, Penstocks. Sou/h Side.^ 
Outfall Sewer, Bermondsey Branch (2 plates) ; Outfall Sewer, Reservoir and 
Outlet (4 plates) ; Outfall Sewer, Filth hoist ; Sections of Sewers (North and 
SOUTH Sides). 

Thames Embankment.— Section of River Wall; Steamboat Pier, West- 
minster (2 plates); Landing stairs between Charing Cross and Waterloo 
Bridges ; York Gate (2 plates) ; overflow and outlet at Savoy street Sewer 
(3 plates); steamboat pler, waterloo bridge (3 plates) ; junction of sewers, 
plans and sections ; gullies, plans and sections ; rolling stock ; granite 
AND IRON Forts. 

HUMBER'S PROGRESS OF MODERN ENGINEERING. 

Fourth Series. Imp. 410, with 36 Double Plates, Photographic Portrait of 
John Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, &c. Half-morocco £3 38. 

List of the Plates and Diagrams. 

Abbey Mills Pumping Station, main Drainage, Metropolis (4 plates); 
Barrow Docks (5 plates) ; Manquis viaduct, Santiago and Valparaiso Railway, 
is plates); Adam's locomotive, St. Helen's Canal Railway (2 plates); Cannon 
Street station Roof, Charing cross Railway (3 plates); Road Bridge over 
the River Moka*(2 plates); telegraphic Apparatus for Mesopotamia ; Viaduct 
OVER the River wye, midland Railway (3 plates); St. Germans Viaduct, 
CORNWALL Railway (a plates); Wrought-Iron Cylinder for Diving Bell; 
MiLLWALL Docks (6 plates); milroy's Patent Excavator ; Metropolitan Dis- 
trict Railway (6 plates) ; Harbours, Ports, and Breakwaters (3 plates). 
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THE POPULAR WORKS OF MICHAEL REYNOLDS. 



LOCOMOTIVE ENGINE DRIVINQ. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
Michael Reynolds, Member of the Society of Engineers, formerly Loco- 
motive Inspector, L. B. & S. C. R. Ninth Eklition. Including a Key to 
THE Locomotive Engine. With Illustrations and Portrait of Author. 

Crown 8vo, cloth 4>/8 

*' Mr. Reynolds has suppKed a want, and has supplied it welL We can confidently recom- 
mend the book not only to the practical driver, but to everyone who takes an interest in the 
perfonnance of locomotive engines." — The Enginter. 

" Mr. Reynolds has opened a new chapter in the literature of the day. This admirable 
practical treatise, of the practical utility of wfaicn we have to speak in terms of warm commendation.' 
'-Atkrtutum. 

" Evidently the work of one who knows his subject thoroughly. "—^ot/nMiy Service Gaxette. 
" Were the cautions and rules given in the book to become 4>art of the every-day worldng 
of our engine-drivers, we might have fewer distressing accidents to deplore."— 5co/:rma». 

STATIONARY ENGINE DRIVINQ. 

A Practical Manual for Engineers in Charge of Stationary Engines. By 
Michael Reynolds. Fifth Edition, Enlarged.' With Plates and Woodcuts. 

Crown 8vo, cloth 4>/8 

" The author is thoroughly acquainted with his subjects, and his advice on the various points 
treated is clear and practical. . . . He has produced a manual which is an exceedingly useful 
one for the class for whom it is specially intended." — F.HFineering. 

" Our author leaves no stone unturned. He is determined that his readers shall not only 
know something about the stationary engine, but all about it." — Engineer. 

"An engineman who has mastered the contents of Mr. Reynolds's book will require but 
little actual experience with boilers and engines before he can be trusted to look after them." — 
English Mechanic. 

THE MODEL LOCOMOTIVE ENGINEER, 

Firenum, and Elngine-Boy. Comprising a Historical Notice of the Pioneer 
Locomotive Engines and their Inventors. By Michael Reynolds. Second 
Edition, with Revised Appendix. With numerous Illustrations, and Portrait 
of George Stephenson. Crown 8vo, cloth. [/m^^ Published. 4./6 

" From the technical knowledsfe of the author, it will appeal to the railway man of tonlay 
more forcibly than anything written by Dr. Smiles. . . . The volume contains mformation of a 
technical kind, and facts that every dnvcr should be familiar with." — English Mechanic. 

" We should be glad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine." — Iron. 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 
their Construction and Performance. With copious Illustrations and numerous 
Tables. By Michael Reynolds. Large crown 8vo, cloth . 9/0 

" A popular explanation of the different brakes. It will be of great assistance in forming 
public opimon, and will be studied with benefit by those who take an interest in the brake." — English 
Mechanic. 

" Written with sufficient technical detail to enable the princi{}al and relative connection of the 
various parts of each particular brake to be readily grasped.' —Mechanical H 'orld. 

ENQINE-DRIVINQ LIFE. 

Stirring Adventures and Incidents in the Lives of Locomotive Engine* 
Drivers. By Michael Reynolds. Third Edition. Crown 8vo, cloth . 1 /6 

" From first to last perfectly fascinating. Wilkie CoUins's most thrilling conceptions are 
thrown into the shade i>y true incidents, endless in their variety, related in every page."— A^iw/A 
British Mail. 

"Anyone who wishes to get a real insigDt into railway fe cannot do better than read 
' Engine-Driving Life ' for himself and if he once takes it up he wiD find that the author's enthu- 
siasm and real love of the engine-driving profession will carry nim on until he has read every page." 
—Saturday Review. 

THE ENQINEMAN'S POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics 
Bv Michael Reynolds. With 45 Illustrations and numerous Diagrams. 
Third Edition, Revised. Royal i8mo, strongly bound for pocket wear . 3/6 

" This admirable work is well suited to accomplish its object, being the honest workmanship 
of a competent engineer." — Glasgow Herald. 

" A most meritorious work, giving in a succinct and practical form all the information an 
engine-minder desirous of mastering the scientific principles of his daily calling would require.' — 
The MiUer. 

" A boon to those who are striving to become efficient mechanics."— Z7aiYy Chronicle. 
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MARINE ENGINEERING, SHIPBUILDING, 

NAVIGATION, &c. 



THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET- BOOK of Formulae, Rules, and Tables, and Marine Engineer's and 
Surveyor's Handy Book of Reference. By Clement Mackrow, M.I.N. A. 
Sixth Edition, Revised, 700 pp., with 300 Illustrations. Fcap., leather. 1 2/6 

Summary of Contents :— Signs and Symbols, Decimal Fractions.— Trigono- 
metry.— practical GEOMBTRY.—MENSURATION.— CENTRES AND MOMENTS OF FIGURES. 
—MOMENTS OF INERTIA AND RADII OF GYRATION.— ALGEBRAICAL EXPRESSIONS FOR 

SIMPSON'S RULES.- Mechanical principles.— centre of gravity.— laws of motion. 
—Displacement, Centre of buoyancy.— Centre of Gravity of Ship's Hull.— 
Stability Curves and metacentres.— Sea and shallow-water Waves.— Rolling 
of Ships.— propulsion and Resistance of Vessels.— Speed Trials.— Sailing, 
Centre of Effort.— Distances e>own Rivers. Coast Lines.— Steering and 
RUDDERS OF Vessels.— Launching Calculations and Velocities.— weight of 
Material and Gear.— Gun particulars and weight.— Standard Gauges.— 
Riveted Joints and Riveting.— .Strength and Tests of Materials.— Binding 
AND Shearing Stresses, &c. — Strength of Shafting, Pillars, wheels, &c. 
—hydraulic Data, &c. — conic Sections, Catenarian curves. — Mechanical 
Powers, work.— Board of trade Regulations for Boilers and Engines.— board 
of Trade Regulations for Ships.— Lloyd's Rules for boilers.— Lloyd's weight 
OP Chains.— Lloyd's Scantlings for Ships.— Data of Engines and Vessels.— 
Ships' Fittings and tests.— seasoning Preserving Timber.— measurement of 
Timber.— alloys, Paints, varnishes.— Data for Stowage.— Admiralty trans- 
port Regulations. — RULES for Horse-power, Screw propellers, Ac— Per- 
centages FOR Butt Straps, &c.— Particulars of Yachts.— Masting and Rigging 
Vessels.- Distances of Foreign Ports.— tonnage tables.— Vocabulary of 
French and English Terms. — English weights and Measures. — Foreign 
weights and Measures.— Decimal Equivalents.— Foreign Money.— Discount 
AND Wages Tables.— useful Numbers and Ready Reckoners.— tables of 
Circular measures.— Tables of areas of and Circumferences of Circles.— 
Tables of areas of Segments of Circles.— Tables of squares and Cubes and 
Roots of Numbers.— tables of logarithms of numbers.— tables of Hyper- 
bolic Logarithms.— tables of Natural Sines, Tangents, &c.— tables of 
Logarithmic Sines, tangents, &c. 

" In these days of advanced knowledge a work like this is of the greatest value. It contains 
a vast amount of information. We unhesitatingly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seaman, 
wood or iron shipbuilder, can afford to be without this work." — Nautical Magatrine. 

" Should be used by all who are engaged in the construction or design of vessels. . . . Will 
be found to contain the most useful tables and formube required by shipbuilders, carefully collected 
from the best authorities, and put together in a popular and simple form. "The book is one of 
exceptional vaietiV—EHginter. 

" The professional shipbuilder has now, in a convenient and accessible fonn, reliable data for 
solving many of the numerous problems that present themselves in the course of his work." — Iron. 

"There is no doubt that a pocket-book of this description must be a necessity in the ship- 
building trade. . . . The volume contains a mass of useful information clearly expressed and 
presented in a handy totva,"— Marine Engineer. 

WANNAN'S MARINE ENGINEER'S GUIDE 

To Board of Trade Examinations for Certificates of Competency. Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ; 
Elementary and Verbal Questions and Answers ; complete Set of Drawings 
with Statements completed. By A. C. Wannan, C.E., and E. W. I. Wannan, 
M.I.M.E. Illustrated with numerous Engravings. Crown 8vo, 370 pages, 
cloth. {Just Published. 8/6 

WANNAN'S MARINE ENGINEER'S POCKET-BOOK. 

Containing the Latest Board of Tmde Rules and Data for Marine Engineers. 
By A. C. Wannan. Second Edition, carefully Revised. Square i8mo, with 
thumb Index, leather. [Just Published. SIO 

MARINE ENGINES AND STEAM VESSELS. 

A Treatise on. By Robert Murray, C.E. Eighth Edition, thoroughly 

Revised, with considerable Additions by the Author and by George 

Carlisle, C.E., Senior Surveyor to the Board of Trade. lamo, cloth . 4/6 

" Wdl adapted to give the young steamship engineer or marine engine and boiler maker a 

general introduction into his practical work."— Mechanical H^orld. . . ,. , 

" We feel sure that this thoroughly revised edition will continue to be as popular m the future 
as it has been in the past, as, for Its size, it contains more useful information than any simiLir 
treatise."— /m/Mf/r^x. 

I. B 
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SEA TERM5, PHRA5E5, AND W0RD5 

(Technical Dictionary of) used in the English and French Languages 




" This volume will be higtily appreciated by seamen, engineers, pilots, shipbuilders aad ship- 
owners. It will be found wonaerfiilly accurate and compicte.^—Sc0tstfiaH, 

" A very useful dictionary, which has lone been wanted by French and English engineers, 
masters, oflkers and othen.''—Shi/f^^ World. 

ELECTRIC 5HIP LIQHTINQ. 

A Handbook on the Practical Fitting and Runnlngof Shi^' Electrical Plant, 
for the Use of Shipowners and Builders, Marine Electricians and Sea-^oing 
Engineers in Charge. By J. W. Urquhart, Author of " Electric Light, ' 
" Dynamo Construction," &c Crown 8vo, cloth 7/6 

MARINE ENGINEER'S POCKET-BOOK. 

Consisting of useful Tables and Formulae. By Frank Proctor, A.LN.A. 

Third Edition. Royal samo, leather, gilt edges, with strap . . . 4/0 
" We recommend it to our readers as going far to supply a loiw-fielt want"— A'isva/ Science. 
" A most useful companion to all marine enfpncers."— united Service Gaxefte. 

ELEMENTARY ENQINEERINQ. 

A Manual for Young Marine Engineers and Apprentices. ^ In the FcMrrn^ of 
Questions and Answers on Metals^ Alloys, Strengtn of Materials, Construction 
and Management of Marine Engines ana Boilers, Geometry, &c., &c With 
an Appendix of Useful Tables. By J. S. Brewer. Crown 8vo, cloth . 1 /6 

" Contains much valuable information for the class for whom it is intended, especially in the 
hapters on the management of boilers and engines."— A'awA'ra/ Mag-a»ine. 

PRACTICAL NAVIQATION. 

Consisting of The Sailor's Sea-Book, by James Greenwood and W. H. 
RosSBR ; together with the exquisite Mathemarical and Nautical Tables for 
the Working of the Problems, by Henry Law, C.E., and Professor J. R. 
Young. Illustrated. i2mo, strongly half-bound T/O 

MARINE ENQINEER'5 DRAWING -BOOK. 

Adapted to the Requirements of the Board of Trade Examinations. By John 
Lockie, C.E. With 22 Plates, Drawn to Scale. Royal 8vo, cloth . 3/6 

THE ART AND SCIENCE OF SAILMAKINQ. 

By Samuel B. Sadler, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthome, of Cowes and Gosport. With Plates and 

other Illustrations. Small 4to, cloth 1 2/8 

" This extremely practical work gives a complete education in all the branches of the manu- 
facture, cutting out, ropmg, seaming, and goring. It is copiously illustrated, and will form a first- 
rate text-book and guiae.' —Portsmouth Times. 

CHAIN CABLES AND CHA1N5. 

Comprising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains, 
Chain Cable and Chain Making, Forming and Welding Links^ Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Pnces of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables, &c., &c. By 
Thomas W. Traill, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in-Chirf, 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Supenntendent Lloyd's Committee on Proving Establishments. 
With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 

cloth, bevelled boards iS2 28. 

" It contains a vast amount of valuable information. Nothing seems to be wanting to maike it 
complete and standard work of reference on the sah^cct."— Nautical Magazine, 



MINING AND METALLURGY. 19 



MINING AND METALLURGY. 



COLLIERY WORKING AND MANAGEMENT, 

Cornicing the Duties of a Colliery Manager, the Oversight and Arrange- 
ment of Labour and Wages, and the different Systems of Working Coal 
Seams. By H. F. Bulman and R. A. S. Rbdmayne. 350 pp., with 
38 Plates and other Illustrations, including Underground Photographs. 
Medium Svo, cloth. [Just Publishtd. 1 5/0 

" This is, indeed, an admirable Handbook for Colliery Managers, in fact it is an indispensable 
adjunct to a Colliery Managrer's education, as well as being a most useful and interesting work 
on the subject for all who in any way have to do with coal mining. The underground photog^phs 
are an attractive feature of the work, being very lifelike and necessarily true representations of the 
scenes they depict." — CoUiery Guardian. 

" Mr. Bulman and Mr. Redmayne, who are both experienced Colliery Managers of great 
literary ability, are to be con^^tulated on having supplied an authoritative work dealing with a side 
of the subject of coal minmg which has hitherto received but scant treatment. The authors 
elucidate their text by ixo woodcuts and 38 plates, most of the latter being admirable reproductions 
of photographs taken underground with the aid of the magnesium flash-light. These illustrations 
are excellent."— Wa/wfr. 

INFLAMMABLE GAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). B^ Frank Clowes, D.Sc., Lond., 
F. I.e., Prof, of Chemistry in the .University College, Nottingham. With a 
Chapter on The Detection and Measurement of Petroleum Vapour 
by BovERTON Redwood, F.R.S.E., Consulting Adviser to the Corporation 
of London under the Petroleum Acts. Crown Svo, cloth. 

[Just Published. Net. 6/0 

" Professor Clowes has given us a volume on a subject of much industrial importance . . . 
Those interested in these matters may be recommended to study this book, which is easy of compre* 
hension and contains many good things."— rA« Eneineer. 

" A convenient summa(y of the work on which Professor Clowes has been en^pged for some 
considerable time. ... It is hardly necessary to say that any work on these subjects with these 
names on the title-page must be a valuable one, and one that no mining engineer— certainly no coal 
miner— can afford to ignore or to leave unread."— ^I'ntn^ Joutttal. 

MACHINERY FOR METALLIFEROUS MINE5. 

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of 
Mines. By E. Henry Davies, M.E., F.G.S. Crown 8vo. ^80 pp., with 
upwards of 300 Illustrations, cloth. [Just Puhlishea. 1 2/6 

" Mr. Davies, in this handsome volume, has done the advanced student and the manager of 
mines good service. Almost every kind of machinery in actual use is carefully described, and the 
woodcuts and plates are good."— UtM^naufH. 

'* From cover to cover the work exhibits all the same characteristics which excite the confi« 
dence and attract the attention of the student as he peruses the first page. The work may safely 
be recommended. By its publication the literature connected with the industry will be enriched 
and the reputation of its author enhanced."— ^tnt»^ youmal. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davies, F.G.S., Mining Engineer, &c., Author of "A Treatise on 
Slate and Slate Quarrying." Fifth Edition, thoroughly Revised and much 
Enlarged by his Son, E. Henry Davies, M.E., F.G.S. With about 150 
Illustrations. Crown Svo, cloth *! 2/6 

" Neither the practical miner nor the general reader, interested in mines, can have a better 
book for his companion and his guide."— ili7nin^ youmai. 

" We are aoing our readers a service in calling their attention to this valuable work."— 
MiHintr IVorld. 

*^ As a history of the present state of mining throughout the woild this book has a real value 
and it supplies an actual wanV—Athenaunt. 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davies, F.G.S., Author of " Metalliferous Minerals," &c. Third 
Edition, Revised and Enlarged by his Son, E. Henry Davies, M.E., F.G.S. 
With about zoo Illustrations. Crown Svo, cloth 1 2/6 

" We do not remember to have met with any English work on mining matters that contains 
the same amount of information packed in equally convenient {oTai."—ActMemy. 

" We should be inclined to rank it as among the very best of the handy technical and trades 
manuals which have recently appeared."— i^n'/^A Quarkrfy Review, 

B 3 
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BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development, and Future 
Prospects of Metalliferous Mines in the United Kingdom. By Robert 
Hunt, F.R.S., late Keeper of Mining Records. Upi«wds of 950 pp., with 
390 Illustrations. Second Editicm, Revised. Super*rayal 8vo, cloth jt2 2s. 

" The book is a treasure-house of statistical information on mininjr subjects, and we know of 
no other work embodying so great a mass of matter of this kind, were this the only merit at 
Mr. Hunt's vcdume it would be sufficient to render it indispensable in the Hbrarv of every one 
interested in the development of the mining and metallurgical industries of this country."— 

" A mass of information not elsewhere avaHaUe, and of the greatest value to those who may 
be interested in our great mineral industries."— J^n^^'n^rr. 

MINE DRAINAGE. 

A Complete and Practical Treatise on Direct-Acting Underground Steam 
Pumping Machinery, with a Description of a large number of the best known 
Engines, their General Utility and the Special Sphere of their Action, the 
Mode of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michbll. 8vo, cloth . 1 5/0 

" Will be highly esteemed by colliery owners and lessees, mining engineers, and students 
generally who require to be acquainted with the best means of securing the drainage of mines. 
It is a most valuable woric, and stands almost al<me in the literature of steam pumping machinery." 
—Colliery Gtutrdian. 

" Much valuable information is given, so that the book is thoroughly woftiiy of an extensive 
circulation amongst practical men and purchasers of machinery."— A/inii^ youmal. 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal-Bearing or other 
Valuable Minerals. By T. W. Anderson, M.A. (Camb.X F.R.G.S.^ Author 
of " Fiji and New Caledonia." Seventh Ekiition, thoroughly Revised and 
much Enlarged. Small crown 8vo, cloth, 3/6 ; or, leather, pocket-book form, 
with tuck. • [Just Published. 4/6. 

" Will supply a rouch-felt want, especially among C(^msts, in whose way are so c^en thrown 
many mineralogical s|>ectmens the value of which it is difficult to determine." — Engineer. 

" How to find commercial minerals, and how to identify them when they are found, are the 
leadine points to which attention is directed. The author has managed to pack as much practical 
detail into his pages as would supply material for a book three times Its size. —Mining- youmal. 

NOTES AND FORMUME FOR MINING STUDENTS. 

By John Herman Merivalb, M.A., Late Professor^ of Mining in the Durham 
College of Science, Newcastle-upon-Tjme. Fourth ^ition, Rev^^ and 
Enlarged. By H. F. Bulman, A.M.Inst.C.£. Small crown 8vo, cloth. 

[Just Published. 2/6 

" The author has done his work in a creditable manner, and has produced a boqk that will 
be of service to students and those who are practically engaged in mining opcntions"—£ugineer. 

THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 

Operations, Ore Dressing, &c. For the Use of Students and others interested 

in Mining Matters. By John Milne, F.R.S., Professor of Mining in the 

Imperial University of Japan. Revised Eklition. Fcap. 8vo, leather . T/6 

" Professor Milne's handbook is sure to be received with favour by all connected with 
mining, and will be extremely popular among students."— jithemeum. 

POCKET-BOOK FOR MINERS AND METALLURGISTS. 

Comprising Rules, Formulae, Tables, and Notes for Use in Field and Office 

Work. By F. Dan vers Power, F.G.S., M.E. Fcap. 8vo, leather . 9/0 

"This excellent book is an admirable example of its kind, and ought to find a large sJde 
amongst English-speaking prospectors and mining eagmeers."—Engineerin£: 

MINERAL SURVEYOR AND VALUER'S GUIDE. 

Comprising a Treatise on Improved Mining Surveying and the Valuation of 
Mining Properties, with New Traverse Tables. By Wm. T.intkrn. Foiurth 
Editicm, Enlarged, xzmo, cloth ........ 3/6 
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THE COLLIERY MANAQER'5 HANDBOOK. 

A Comprehensive Treatise on the Layine-out and Working of Collieries, 
Designed as a Book of Reference for Colliery Managers, and for the Use of Coal 
Mining Students preparing for First-class Certificdtes. By Caleb Pamely, 
Mining Engineer and Surveyor ; Member of the North of Eneland Institute of 
Mining ana Mechanical Engineers ; and Member of the Soutn Wales Institute 
of Mining Engineers. ^ With 700 Plans, Diagrams, and other Illustrations. 
Fourth Edition, Revised and Enlarged, medium 8vo, over 900 pp. 
Strongly boimd £1 S; 

Summary of Contents :— Geology.— Search for Coal.— Mineral Leases 
AND other Holdings.— Shaft Sinking.— Fitting Up the shaft and Surface 
Arrangements.— Steam boilers and their Fittings.— Timbering and Walling.— 
Narrow work and methods of working. — Underground Conveyance. — 
Drainage.— The Gases met with in Mines ; Ventilation.— On the Friction of 
Air in Mines.— The Prirstman Oil Engine; Petroleum and Natural Gas.— 
Surveying and Planning.— Safety Lamps and firedamp Detectors.— Sundry 
AND Incidental Operations and Appliances.— Colliery Explosions.— Miscel- 
laneous Questions and AtiswERS.—Aj>/endix: summary of Report of H.M. 
Commissioners on accidents in Mines. 

" Mr. Pamely has not onhr ^ven us a comprehensive reference book of a very high order, 
suitaUe to the reciuirements of^mmin^ en^neers and colliery managers, but has also provided 
mining students with a class-book that is as mteresting as it is instructive." — Colliery Manager. 

" Mr. Pamely's work is eminently suited to the purpose for which it is intended, being clear, 
interesting, exhaustive, rich in detail, and up to date, giving descriptions of the latest machines in 
every department. A mining engineer could scarcely go wrong who followed this work." — Colliery 
Guardian. 

" This is the most complete ' all-round ' work on coal-mining published in the English 
language. ... No library of coal-mining books is complete without it." — Colliery Engineer 
(Scranton, Pa., U.S.A.). 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams of 
Coal, with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Meade. 8vo, cloth . . £1 8s. 

" Of this book we may unreservedly say that it is the best of its class which we have ever 
met. ... A book of reference which no one engaged in the iron or coal trades should omit from 
hb library."- /mm and Coal Trades Review. 

COAL AND COAL MINING. 

By the late Sir Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. Seventh Edition, Revised and Enlarged. With 

numerous Illustrations, lamo, cloth 3/6 

" As an outline is given of eveiv known coal-field in this and other countries, as well as of the 
principal methods of working, the book will doubtless interest a very large nimiber of readers."— 
Mining journal. 

ASBESTOS AND ASBESTIC. 

Their Properties, Occurrence, and Use. By Robert H. Jones, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With Ten 
Collotype Plates and other Illustrations. Demy 8vo, cloth. [Just Published. 1 6/0 
" An interesting and invaluable -work.."— Colliery Guardian. 

SUBTERRANEOUS SURVEYING 

(Elementary and Practical Treatise otl\ with and without the Magnetic Needle. 
By Thomas Fenwick, Surveyor of Mines, and Thomas Baker, C.E. IUus- 
txated. i2mo, cloth 2/6- 

GRANITES AND OUR GRANITE INDUSTRIES. 

By George F. Harris, F.G.S., Membre de la Soci6t6 Beige de G^ologie, 
Lecturer on Economic Geology at the Birkbeck Institution, &c. With Illus- 
trations. Crown 8vo, cloth 2/6 

" A deaiiy and well-written manual for persons engaged or interested in the granite industry." 
—Seotsman. 
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THE METALLURGY OF GOLD. 

A Practical Treatise cm the Metallurgical Treatment of Gold-bearing^ Ores. 
Including the Processes of Concentration, Chlorination, and Extraction by 
Cyanide, and the Assaying, Melting, and Refining of Gold. By M. Eisslbr, 
Mining Engineer and MetallurgicaT Chemist, formerly Assistant Assayer of the 
U.S. Mint, San Francisco. Fourth Edition, Enlzirged. With about 250 Illus- 
trations and numerous Folding Plates and Working Drawings. Large crown 
8vo, cloth. [Just Published. 16/0 

" This book thorouf^v deserves its title of a ' Practical Treatise.' The whole process of gold 
ininin£,,froin the breaking or the quartz to the assay of the bullion, is described in clear and orderly 
narrative and with much, but not too much, fulness of detail."— Saturday Review. 

" The work is a storehouse of information and valuable data, and we stron^^y recommend it 
to an professional men engaged in the gold-mining industry."— AftM^m^ Journal. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

Including its Practical Application on the Witwatersrand Gold Fields in South 
Africa. By M. Eissler, M.E., Author of "The Metallurgy of Gold," &c. 
With Diagrams and Working Drawings. Second Edition, Revised and En- 
larged. 8vo, cloth. [Just Published. 7 IS 

"This book is just what was needed to acquaint mining men with the actual working of a 
process which is not only the most popular, but is, as a general rule, the most successful for the 
extraction of gold from tailings."— 3/i««/^ youmal. 

" The work will prove mvaluaUe to all interested in gold mining, whether metattuigists or as 
investors."— CA*m»ca/ News. 

THE METALLURGY OF SILVER. 

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver 
Ores. Including the Assaying, Melting, and Refining of Silver Bullion. By 
M. Eissler, Author of ^'The Metallurgy of Gold," &c. Third Edition. 
Crown 8vo, cloth 10/6 

" A practical treatise, and a technical work which we are convinced will supply a long-felt 
want amongst practical men, and at the same tbne be of value to students and others indirectly 
connected with the industries."— A/i«i"#^ youmal. 

" From first to last the book is thoroughly sound and reliaUe." — Colliery Guardian. 

" For chemists, practical miners, assayers, and investors alike we do not know of any work 
on the subject so handy and yet so comprehensive."— Glasg'ow Herald. 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 



*' The numerous metallurgical processes, which are fully and extensively treated of, embrace 
all the stages experienced in the passage of the lead from the various natural states to its issue from 
the refinery as an article of commerce.^— Practical Engineer. 

" The present volume fully maintains the reputation of the author. Those who wish to obtain 
a thorough insight into the present state of this industry cannot do better than read this volume, and 
all mining engineers cannot fail to find many useful hints and suggestions in it."— Industries. 

METALLURGY OF IRON. 

By H. Bauerman, F.G.S., A.R.S.M. Sixth Edition, Revised and Enlarged. 
i2mo, cloth S/O 

THE IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kendall, F.G.S., Mining Engineer. Crown 8vo, cloth . . 16/0 

" The author has a thorough practical knowledge of his subject, and has supplemented a 
careful study of the available literature by unpublished information derived from bis own observa- 
tions The result is a very useful volume, which cannot fail to be of value to all interested in the 
iron industry of the country."— Industries. 
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5UBMARINB TBLEQRAPH5. 

Their History, Construction, and Working. Founded in part on Wunschen- 
dorff's " Trait* de T616graphie Sous — Marine," and Compiled from Authorita* 
tive and Exclusive Sources. By Charles Bright, F.R.S.E. Super-royal 
8vo, about 780 pp., fully Illustrated, including Maps and Folding Plates. 

[fusi Published, Net. £3 3,. 

" There are few, if any, persons more fitted to write a treatise on submarine teles^phy than 

Mr. Charles Bright. The author has done his work admirably, and has written in a way which will 

appeal as much to the layman as to the engineer. This admirable volume must, for many years to 

come, hold the position of the English classic on submarine telegraphy.^'— fn^iM^^r. 

" This book is full of information. It makes a book of reference which should be in every 
engineer's library,"— A'i/wrr. 

" Mr. Bright's interestingly written and admirably illustrated book will meet with a welcome 
reception from cable vatn^—kUctriciaH. 

" The author deals with his subject from all points of view— political and strat^cal as well as 
scientific. The work will be of interest, not only to men of science, but to the general public We 
can strongly recommend it." — Athenteum. 

" Tne work contains a great store of technical information concerning the making and work* 
ing of submarine telegraphs. In bringing together the most valuable results relating to the evolu> 
tion of the telegraph, the author has rendered a service that will be very widely appreciated."— 
Morning Post, 

THE ELECTRICAL ENQINEER'5 POCKET-BOOK. 

Consisting of Modem Rules, Formulae, Tables, and Data. By H. R. Kempe, 
M.Inst.E.E., A.M.Inst.C.E.. Technical Officer Postal Telegraphs, Author of 
"A Handbook of Electrical Testing," "The Engineer's Year-Book," &c. 
Second Edition, thwoughly Revised, with Additions. With numerous Illus- 
trations. Royal 32mo, oblong, leather 0/O 

'* It is the best book of its \and."— Electrical Engineer. 

" The Electrical Engineer's Pocket-Book Is a good one."— Electrician. 

" Strongly recommended to those engaged in the electrical industries."— i?^<-/r^a/ Review. 

ELECTRIC LIGHT FITTINQ. 

A Handbook for Working Electrical Engineers, embod^ng Practical Notes on 
Installation Management. By J. W. Urquhart, Electrician, Author of 
"Electric Light, &c. With numerous Illustrations. Third Edition, 
Revised, with Additions. Crown 8vo, cloth. [Just Published. SIQ 

" This volume deals with what may be termed the mechanics of electric lighting, and is 
addressed to men who are already engaged in the work, or are training for it. The work traverses 
a great deal of ground, and may be read as a sequel to the same author's useful work on ' ElcKrtric 
L^L' "—Electrician. 

" Eminent^ practkal and usefiiL . . . Oug^t to be in the hands of every one in charge of an 
electrk lig^t ^iantr—Eleeirical Engineer. 

ELECTRIC LIGHT. 

Its Production and Use, Embodying Pl^n Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J. W. Urquhart, C.E. Sixth Edition, Revised, with Additions and 145 
Illustrations. Crown 8vo, cloth. [Just Published. 7/S 

" The whole ground of electric lighting is more or less covered and explained in a very dear 
and concise maxoi&c."— Electrical Review. 

"A vade-mecum of the salient facts connected with the science of electric lighting."— 
Electrician. 

"You cannot for your purpose have a better book than 'Electric Light' by Urquhart."— 
En£ineer. 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer-Constructors and Electricians- 
in-Qiarge. Embracing Framework Building, Field Magnet and Armature 
Winding and Grouping, Compounding, &c. With Examples of leading 
English, American, and Contmental Dynamos and Motors. By J. W. 
Urquhart. Author of " Electric Light, &c. Second Edition, Enmrged. 
With 114 Illustrations. Crown 8vo, cloth 7/6 

" Mr. Urquhait's book Is the first one which deals with these matters in such a way that the 
engineering student can understand them. The book is venr readaMe, and the author leads his 
readers up to difficult subjects by reasonaUy simple teats."— Engineeritig Review. 

** A book for wUch a demand has long eidsted."—Mecftaniail IVorld. 
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THE MANAQEMENT OF DYNAM05. 

A Handy Book of Theory and Practice for the Use of Mechanics, Engineers, 
Students, and others in Charge of Dynamos. By G. W. Lummis Paterson. 
With numerous Illustrations. Crown 8vo, cloth 3/8 

" An example which deserves to be Uken as a model by other authors. The subject is treated 
Ih a manner which any intelligent man who is fit to be entrusted with charge of an enfine sboidd 
be able to understand. It is a useful book to all who make, tend, or employ etectric machineiy." 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopeedia of Words and Terms Used in the Practice of Electrical 
Engineering. By T. O'Conor Sloane, A.M., Ph.D. Second Edition, 
with Appendix to date. Crown 8vo, 680 pp., 300 Illustrations, cloth. 

[/ustPublishtd. 7/6 

" The work has many attractive features in it, and is, be^yond doubt, a well put together and 
useful publication. Tlie amount of ground covered may be gathered fh>m the fact that in the Index 
about 5,600 references will be found. —J?/*rfrww/ Revitw. 

ELECTRIC 5HIP-LIGHTINQ. 

A Handbook on the Practical Fittinc[ and Running of Ships' Electrical Plant. 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Engineers-iU'Charge. By J. W. Urquhart, C.E. With 88 Illtistrations, 
Crown 8vo, cloth 7/6 

" The subject of ship electric lighting is one of vast importance, and Mr. Urquhart is to be 
highly complimented for placing such a valuable work at the service oi marine electricians."— 7'A« 
Sttamshi^, 

ELECTRIC LIGHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Running of Small Installations, 

with Particulars of the Cost of Plant and Working. By J. H. Knight. 

Second Exiition, Revised. Crown 8vo, wra4>per. [/<^^ Published. 1 /O 

" The book contains excellent advice and many practical hints for the help of those who wish 
to Ught their own houses."— ^MtitftM^ News. 

ELEMENTARY PRINCIPLES OF ELECTRIC LIOHTINQ. 

By Alan A. Campbell Swinton, A.ssociate I.E.E. Third Edition, Enlarged 

and Revised. With 16 Illustrations. Crown 8vo, cloth .... T/S 

" Any one who desires a short and thoroughly clear exposition of the elementary princij^es of 
electric lighting cannot do better than read this uttle yrotk."— Bradford Observer. 

DYNAMIC ELECTRICITY AND MAGNETISM. 

By Philip Atkinson, A.M., Ph.D., Author <5f "Elements of Static 
Electricity," &c. Crown 8vo, 417 pp., with lao Illustrations, doth . 10/d 

THE ELECTRIC TRANSFORMATION OF POWER; 

With its Application by the Electric Motor, including Electric Railway 
Construction. By P. Atkinson, A.M., Ph.D. With 96 Illustrations. 
Crown 8vo, cloth "7/© 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. ^ Containing numerous Illustrations and 

Detailed Instructions for Constructing a Small Dynamo to Produce the 

Electric Light. By Alfred Crofts. Fifth Eklition, Revised and Enlai^ed. 

Crown 8vo, cloth. [Jt^st Published. 2/0 

" The instructions given in this unpretentious little book are sufficiently clear and explicit to 
enable any amateur mechanic possessed of average skill and the usual tools to be found in an 
amateur's workshop to build a practical d)mamo machine." — Electrician. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAD, F.R.S. Cheaper Eklition. 650 pp., with 470 Illustrations. 
Crown Bvo, cloth 9/0 
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ARCHITECTURE, BUILDING, &c. 



PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Students Preparine for Examinations, and a Book of 
Reference for Persons Engased in Buildinp;. By John Parnell Allbn, 
Surveyor, Lecturer on Building Construction at the Durham College of 
Science, Newcastle-on-Tyne. Second Edition. Revised and Enlaned. 
Medium 8vo, 450 pp., with 1,000 Illustrations, clotn. [Just Published. 7/8 

" The most complete exposition of building construction we have seen. It contains all that is 
necessary to prepare students for the various examinations in buildings construction."— ^w</iiA>^ 
News, 

" The author depends nearly as much on his diagraios as on his type. The pas«s sugi^est 
the hand of a man of experience in buUdinif operations— and the volume must be a olessing to 
many teachers as well as to students."— 7^ Architect. 

" The work is sure to prove a formidable rival to great and small competitors aHke, and 
bids fair to take a permanent place as a favourite student's text-book. The large number of iUus- 
trations deserve particular mention for the great merit they possess for purposes of reference in 
exactly corresponding to convenient sca!^es."—yourHal0/'the Royallnstitute 0/ British Architects. 

PRACTICAL MASONRY. 

A Guide to the Art of Stone Cutting. Comprising the Construction, Setting 
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, PeiKien* 
tives. Vaults, Tracery Windows, &c., &c. For the Use of Students, Masons, 
and other Workmen. By William R. Purchase, Building Inspector to the 
Borough of Hove. S^:ond Edition, with Glossary of Terms. Royal 8vo^ 142 pp., 
with 52 Lithographic Plates, comprising nearly 400 separate Diagrams, 
cloth 7/6 

" Mr. Purchase's ' Practical Masonry ' win undoubtedly be found useful to all interested in 
thb important subject, whether theoretically or practically. Most of the examples given are from 
actual work carried out, the diagrams being carefully drawn. The book is a practical treatise on 
the subject, the author himself having commenced as an operative mason, and afterwards acted as 
foreman mason on many large andimportant buildings prior to the attainment of his present 
position. It should be round of general utility to architectural students and others, as well as to 
those to whom it is specially A6.dnssitdu"—yournal qfthe RoytU Institute nf British Architects. 

" The author has evidently devoted much time and conscientious labour in the production of 
his book, which will be found very serviceable to students, masons, and other workmen, while its 
value is much enhanced by the capital illustrations, consisting of fifty lithographic plates, com* 
prising about 400 diagjina.— Illustrated Carpenter and BuiltUr. 

CONCRETE: ITS NATURE AND U5E5. 

A Book for Architects, Builders, Contractors, and Clerks of Works. By 
George L. Sutcliffb, A.R.I. B.A. 350 pp., with numerous Illustrations. 
Crown 8vo, cloth 7/6 

" The author treats a difficult subject in a lucid manner. The manual fills a lone-feh gap. 
It Is carefiil and exhaustive ; equaOy useful as a student's guide and an architect^ book of 
reference."— 5^rMa/ 4^/^ R<fyal Institute 0/ British Architects. 

" There is room for thb new book, which will probaUy be for some time the standard work 
on the subject for a builder's purpose."— c;Aix^<m/ Herald. 

THE MECHANICS OF ARCHITECTURE. 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects. 
By E. W. Tarn, MA.. Author of ^ The Science of Building," &c. Second 
Edition, Enlarged. Illustrated with 125 Diagrams. Crown 8vo, cloth 7/6 

** The book is a very useful and hdpfid manual of architectural mechanics, and really contains 
sufficient to enable a careful and painstaking student to grasp the principles bearing upon the 
m^rity of building proUems. . . . Mr. Tarn has added, by this volume, to ue debt of 
gTMitaae which is owiiig to him by architectural students for the many valuable works which he has 
produced for their use.' — T^A^ Builder. 

" The mechanics in the volume are really mechanics, and are harmoniously wrought in with 
the distinctive professional matter proper to the subject. The diagrams and type are commendably 
dear."— 7Vb« Schcolmaster. 

LOCKWOOD'5 BUILDER'S PRICE BOOK for 1898. 

A Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers, and Contractors. Re-constructed, Re-written, ana 
Greatly Enlarged. By Francis T. W. Miller. 800 closely-printed pages, 
crown 8vo, cloth 4/O 

" This book is a very useful one. and should find a place in every English office connected 
with Hie buUdinff and enffmeerii^ professions."— /M4A<j«riifj. 

"An exceOent book of reference."— ^ncAASrcf. 

"In its new and revised form this Price Book is what a woric of this kind should b*— compre- 
hensive, rdiaUe. weU arranged, l^Ue, and wdl bound."— ifffiMM Architect. 
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THE LONDON BUILDING ACT, 1894. 

With the By-Laws and Regulations of the London County Council, and 
Introduction, Notes, Cases, and Index. By Alex. J. David, B.A., LL.M., of 
the Inner Temple, Barrister-at-Law. Crown 8vo, cloth .... 3/6 

" To an architects and district surveyors and builders Mr. David's manual wfll be wefcome.** 
—Buitding New*. 

" The volume will doubtless be eagerly consulted by the building fraternity."— /S^/rote^ 
Carpenter and Builder. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. 
Revised and Edited by W. H. Leeds. 66 Plates, 4to, cloth . .21/0 

A HANDY BOOK OF VILLA ARCHITECTURE. 

Bein^ a Series of Design for Villa Residences in various Styles. With 

Outline Specifications and Estimates. By C. Wickes, Architect, Author of 

"The Sinres and Towers of England," &c. 61 Plates, 4to, half-morocco, silt 

edges £1 lis, 6o. 

" The whole of the designs bear evidence of their being the woik of an artistic archkect, and 
they will prove very valuable and suggestive."— ^M»^t>i;f News, 

THE ARCHITECT'S GUIDE. 

Being a Text-book of Useful InformaticHi for Architects, Engineers, SurveyOTS, 
C<Hitractors, Clerks of Works. &c., &c By Frederick Rogers, Architect. 
Third Ekiition. Crown 8vo, cloth 8/6 

" As a text-book of useful information for architects, engineers, surveyors, &c., it would be 
hard to find a handier or more compete little voXyxant,"— Standard. 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Lar|% 

House in Linear Perepective. Illustrated by 43 Folding Plates. By F. O. 

Ferguson. Second Edition, Enlarged. 8vo, boards .... 8/6 

" It is the most intelligible of the treatises on this ill-treated subject that I have met with."~ 
E. ingress Bell, Esq., m the R.I.B.A. y<mrnal. 

PRACTICAL RULES ON DRAWING. 

For the Operative Builder and Young Student in Architectvu-e. By George 
Pyne. 14 Plates, 4to, boards 7/6 

MEASURING AND VALUING ARTIFICER'S WORK 

(The Student's Guide to the Practice oO* Containing Directions for taking 
Dimensions, Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by E. Dobson, Architect. With Additions 
by E. W. Tarn, M.A. Sixth Edition. With 8 Plates and 63 Woodcuts. 

Crown 8vo, cloth 7/6 

" This edition wU be found the most complete treatise on the principles of measuring and 
valuin^ir artificer's work that has yet been p\xh}is.)\^."— Building News. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Contsdning Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C. Beaton. Eighth Edition. Waistcoat-pocket size. 

gilt edges 1/6 

"No builder, architect, surveyor, or valuer should be without his 'BtaXom.'"— Building 
News. 

CONSTRUCTIONAL IRON AND STEEL WORK. 

As Applied to Public, Private, and Domestic Buildings. A Practical Treatise 
for Architects, Students, and Builders. By F. Campin. Crown Svo, cloth. 

[Just Published. 3/6 

" Any one who wants a book on ironwork, as employed in buildings for stanchions, columns, 
and beams, will find the present volume to be suitable. The author has had long and varied 
experience in designing this class of work. The illustrations have the character of workings 
drawings. This practical book may be counted a most valuable work."— BriiisA Architect. 
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SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modem Building Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect. Third Edition, Revised. 8vo, 

cloth 15/0 

" The work te too well known to need any recommendation from us. It te one of the books 
with which every youncr architect must be equipped."— ^rcA^cf. 

THE SCIENCE OF BUILDING. 

An Elementary Treatise on the Principles of Construction. By E. Wyndham 
Tarn, M.A., Architect. Fourth Edition, with 59 Engravings. Fcap. 8vo, 

cloth 8/6 

" A very valuable book, which we strongly recommend to all students."— J^Mi/k^r. 

THE HOUSE-OWNER'S ESTIMATOR. 



Crown 8vo, cloth 8/6 

" In two years it will repay its cost a hundred times over."— Fiif/rf. 

A BOOK ON BUILDING. 

Civil and Ecclesiastical, including Church Restoration ; with the Theory of 
Domes and the Great Pyramid, &c. By Sir Edmund Beckett, Bart., LL.D., 

F.R.A.S. Second Edit. Fcap. Svo, cloth 4/6 

" A book which is always amusing and nearly always instructive."— T'A^ Tinus. 

SANITARY ARRANGEMENT OF DWELLING-HOUSES. 

A Handbook for Householders and Owners of Houses. By A. J. Wallis- 
Tavler, A.M.Inst.C.£. With Illustrations. Crown Svo, cloth . 2/6 

" This book will be largely read ; it win be of considerable servfce to the public. It is well 
arranged, easily read, and for the most part devoid of technical terms."— ZaM«rA 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating Buildings. By W. P. 

BuCHAN, R.P. i2mo, cloth 8/6 

" Contains a great amount of useful practical information as thoroughly interesting as it is 
technically reliable."— i^rMf A Architect. 

PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumber. By W. P. 
BuCHAN, R.P. Seventh Edition, Enlarged. Crown Svo, cloth . . 8/6 
" A text-book which may be safely put in the hands of every young plumber."— ^Mt.Vfr. 

PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic. ^ Giving Rules for the Delineation 
and Application of various Geometrical Lines, Figures, and Curves. By 
E. W. Tarn, M.A., Architect. Svo, cloth 9/0 

" No book with the same objects in view has ever been published in whkh the clearness of 
the rules laid down and the illustrative diagrams have been so satisfactory."— 5a«<lriMan. 

THE GEOMETRY OF COMPASSES. 

Or. Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Oliver Byrne. Coloured Plates. 
Crown Svo, cloth ... 8/6 
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CARPENTRY, TIMBER, &c. 



THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise on the Pressure and Ek)tiilibrium of Timber Framing, the Resistance 
of Timber^ and the Construction of FIocm^ Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is added an ^ssay on tbe Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Buildme ; also numerous Tables of the Scantling^ of Timber for different 
purposes, the Specific Gravities of Materials, &c. By Thomas Tredgold, C.£. 
Witn an Appendix of Specimens of Various Roofs of Iron and Stone, Illus- 
tratol. Seventh Eklition, thoroughly Revised and considerably Enlarged by 
E. Wyndham Tarn, M.A., Author of "The Science of Building," &c 
With 6i Plates, Portrait of the Author, and several Woodcuts. In One large 
Vol., 4to, cloth 26/0 

"Ought to be in every architect's and every builder's library."— ^K^iilrr. 

"A woric whose monumental excellence must commend it wherever skilful carpentry is 
concerned. The author's principles are rather confirmed than impaired by time. The additional 
pkites are of great intrinsic vaiti<e."—Bui!di$tg- News. 

WOODWORKING MACHINERY. 

Its Rise, Progress, and Construction. With Hints on the Mana^^ement of Saw 
Mills and the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American Engineers. By 
M. Powis Bale, A.M.Inst.C.£., M.I.M.E. Second Edition, Revise^ 
with large Additions, large crown 8vo, 440 pp., cloth .... 9/0 

" Mr. Bale is evidently an expert on the subject, and he has collected so much information 
that his book is all-suffidentu)r builders and others engaged in the conver^n of timber. "—./frvsMSKt 

•• The most comprehensive compendium of wo<xl-worlcing machinery we have seen. The 
author is a thorough master of his subject."— ^m^^m^ News. 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of 

Timber. By M. Powis Bale, A.M.Inst.C.E. Second Edition, Revised. 

Crown 8vo, cloth. ijust Published. 10/6 

"The adtninistration of a large sawing establishment is discussed, and the subject examined 

f^om a financial standpoint. Hence the size, sbau>e, order, and disposition of saw mills and the like 

are gone into in detail, and the course of the timber is traced from its reception to its delivery hi its 

converted state. We could not desire a more complete or practical treatise."— ^Mt/i'Irr. 

THE CARPENTER'S NEW GUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Peter 
Nicholson's standard work. A New Eklition, Revised by Arthur Ashpitel, 
F.S.A. Together with Practical Rules on Drawing, by Georgb Pynb. 
With 74 Plates, 4to, cloth £1 1 s. 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. ^ By^ George 
CoLLiNGS. Second Edition, Revised and Enlarged^ to which is added 
A Treatise on Stair-building. With Plates and Diagrams . . 2/8 

" Will be found of practical utility in the execution of this difficult branch ofjoineiy."— ^Mt/ifer. 
" Almost every difficult phase of this somewhat intricate branch of Joinery is elucidated by 
the aid of plates and explanatoiy letterpress." — Furniture Gagette. 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collings. With Diagrams. -Second Edition, lamo, cloth . 2/o 

" An excellent example of what a book of this kind should be. Cheap in price, clear in 
definition, and practical in the examples selected."— ^wt'Ai^r. 
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HANDRAILINQ COMPLETE IN EIGHT LESSONS. 

On the Square-Cut System. By J. S. Goldthorp, Head of Building 
Department, Halifax Technical School. With Eight Plates and over 150 
Practical Exercises. 4to, cloth 3/6 

"Likely to be of considerable value to joiners and others who take a pride in good woric 
The arransfement of the book is excdient. we heartily commend it to teachers and students."— 
Timber Trades youmal. 

TIMBER MERCHANrS and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure- 
ment of Deals and Battens, of all sizes, from One to a Thousand Pieces, and 
the relative Price that each size bears per Lineal Foot to any nven Price per 
Petersburgh Standard Hundred ; the Price per Cube Foot of Square Timber 
to any given Price per Load of 50 Feet, &c., &c. By William Dowsing. 
Fourth Edition, Revised and Corrected. Crown 8vo, cloth . . . 8/0 

" We are gflad to see a fourth edition of these admirable tables, which for correctness and 
simplicity of arrangement leave nothing to be desired." — Timber Trades youmal. 

THE PRACTICAL TIMBER MERCHANT. 

- A Guide for the Use of Building Contractors, Surveym's, Builders, &c., 
comprising useful Tables for all purposes connected with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 

" This handy manual contains much valuable information for the use of timber merchants, 
builders, foresters, and all others connected with the growth, sale, and manufacture of timber." — 
youmal qf Forestry. 

PACKINQ-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 
inches square and upwards. By W. Richardson, Timber Broker. Third 

Exlition. Oblong 4to, cloth 8/6 

" Invaluable labour-saving Xs^Aes."— Ironmonger. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i to 200 inches in length by i to io8 inches in breadth. 
For the use of Architects, Surveyors, Ennneers, Timber Merchants, 
Builders, &c. By James Hawkings. Fourth Edition. Fcap., cloth . 3/6 

"A useful collection of tables to facilitate rapid calculation of sur&ces. The exact area of 
any surface of which the limits have been ascertained can be instantly determined. The book will 
be found of the greatest utility to all engaj^ed in building operations. —SirafriMaM. 

PRACTICAL FORESTRY. 

Its Bearing on. the Improvement of Estates. By Charles E. Curtis, F.S.I., 
F.S.S. Second Edition, Revised. Crown 8vo, cloth. \.J%^t Published. 8/6 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large dx>wn 8vo, cloth • • 1 0/O 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

AND BUILDER'S STANDARD GUIDE. 

By Richard E. Grandy. Comprising: — An Ansd^is of Deal Standards, 
Home and Foreign, with Comparative Values and Tabular Arrangements for 
fixing Net Landed Cost on Baltic and North American Deals, including all 
intermediate Exi>enses, Freight, Insurance, &c. ; together with copious Informa- 
tion for the Retailer and Builder. Third Edition. lamo, cloth . . 2/0 
" ETerything it pretends to be : built up gradually, it leads one from a forest to a treenai 

and throws in as a makeweight a host of material concerning bricks, columns, cisterns, &c."-- 

En^Hsh Mechanic. 



30 CROSBY LOCKWOOD 6* SON'S CATALOGUE. 



DECORATIVE ARTS, &c. 



5CHOOL OF PAINTING FOR THE IMITATION OP 

WOODS AND MARBLES. 

As Taught and Practised by A. R. Van dbr Burg and P. Van der Burg, 
DirectMS oi the Rotterdam Paintins Institution. Royal folio, xS^ by za| in., 
Illustrated with 34 full-size Coloured Plates ; also X3 plain Plates, comprising 
154 Figures. Second and Cheaper Ekliticm .... £1 11*. 60. 

List of Plates :— 1. Various Tools required for wood painting.— a, 3. walnut ; 
Preliminary Stages op graining and finished specimen.— 4. Tools used for 
Marble Painting and Method op Manipulation.— < 6. St. Remi Marble; 
Earlier operations and Finished Specimen. — 7. methods of Sketching 
Different Grains, Knots. &c.— 8, 9. Ash: Preliminary Stages and Finished 
Specimen.— la Methods of Sketching Marble grains.— ti, ix Breche marble ; 
Preliminary Stages of Working and Finished specimen.— 13. Maple ; Methods 
of producing the Different Grains.— 14. 15. Bird's-Eyb maple; Preliminary 
Stages and Finished Specimen.— t6. Methods of Sketching the Different 
SPECIES OF White Marble.— 17. i& white Marble ; preliminary Stages of 
Process and Finished Specimen.— 19. Mahogany; specimens of Various Grains 
and Methods of Manipulation.— ao. 31. Mahogany; f.arlibr stages and 
Finished specimen.— 33. 33. 34. Sienna Marble: Varieties of Grain, Preliminary 
stages and Finished Specimen.-^. a6, 27. juniper Wood; Methods of Pro- 
ducing Grain, &c. ; Preliminary Stages and finished specimen.— ae, ao, 30. Vert 

DE MER MARBLE; VARIETIES OF GRAIN AND METHODS OF WORKING, UNFINISHED 
AND FINISHED SPECIMENS.— 31, 3a, JX. OAK ; VARIETIES OF GRAIN, TOOLS EMPLOYED 

and methods of manipulation, preliminary stages and finished specimen.— 
34, 35. 36. Waulsort Marble; Varieties of Grain, Unfinished and Finished 
specimens. 

" ThoM w1k> desire to attain sldll in the art of painting woods and marbles will find advantage 
in consulting this book. . . . Soom of the Workuig Men's Clubs diould give their young men 
the opportunity to study iL"— Builder. 

" A comprehensive guide to the art The ezplanatioBS of the ixocesaes, the manipulation 
and management of the colours, and the beautifully executed plates will not be the least valuable to 
the student who aims at making his work a ftdthful transcript of nature."— .^MtA/tM;;' News. 

" Students and novices are fortunate who are able to becmne the possessors of so noble a 
work."— rA^ Architect. 

ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. By Tames W. Facey. With numerous lUus- 
trations. In One Vol., strongly half-bound 5/0 

HOUSE PAINTING, QRAININQ, MARBLINQ, AND 

SIGN WRITING. 

A Practical Manual of. By Ellis A. Davidson. Seventh Edition. With 
Coloured Plates and Wood Engravings. lamo, doth boards . . . Q/O 

"A mass of information of use to the amateur and of value to the practical man."— fir'txA 
Mechanic. 

THE DECORATOR'S ASSISTANT. 

A Modem Guide for Decorative Artists and Amateurs, Painters, Writers, 

Gilders, &c. Containing upwards of 600 Receipts, Rules, and Instructions ; 

with a variety of Information for General Work connected with every Class of 

Interior and Exterior Decorations, &c. Sixth Edition. 152 pp., cr. 8vo . 1 /O 

" Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to meet with a work so full 
of varied information on the painter's art."— Building News. 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Students. By George H. Blagrove, Author of " Shoring and its Applica- 
tion," &c. With 38 Illustrations. Crown Bvo, cloth .... 3/6 

" This most useful and much wanted handbook should be in the hands of every architect and 
hamttr—Buiiding IVorld. ' 

" A carefully and usefully written treatise ; the work is essentially practical"— SoKlriyftfn. 
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DELAMOTTE'8 WORKS ON ALPHABETS AND 

ILLUMINATION. 



ORNAMENTAL ALPHABETS, ANCIENT Si MEDI>EVAL. 

From the Eighth Century, with Numerals; including Gothic, Church-Text, 
large and small, German, Italian, Arabesque, Imtials for Illumination, 
Monograms, Crosses. &c., &c., for the use of Architectural and Engineering 
Dntugntsmen, Missal Painters, Masons, Decorative Painters, Lithographers, 
Engraven, Carvers, &c., &c. Collected and Engraved by F. Dblamottb, and 
printed in Colours. New and Cheaper Eklition. Royal 8vo, oblong, 
ornamental boards 2/6 

" For those who insert enamelled sentences round gilded chalices, who blazon shop legends 
over shop^oors, who letter church walls with pithy sentences from the Decalt^^ue, this book will be 
usefiiL "—Athentntm, 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspectiye, Greek, Hebrew, 
Court Hand, Enpprossingj Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers. Engravers, Carvers, 
&c. Collected and Engraved by F. Dblamotte, and printed in Colours. 
New and Cheaper Edition. Roy«l 8vo, oblong, ornamental boards . 2/6 

" There is comprised in it every possible shape into which the letters of the alphabet and 
numerals can be formed, and the talent which has been expended in the conception of the various 
fdaia and ornamental letters is mondexfaV— Standard. 

MEDI>EVAL ALPHABETS AND INITIALS FOR 

ILLUMINATORS. 

By F. G. Delamotte. Containing 21 Plates and Illuminated Title, printed 
in Gold and Colours. With an Introduction by J. Willis Brooks. Fourth 
and Cheaper Edition. Small 4to, ornamental boards .... 4/0 

" A volume in which the letters of the alphabet come forth glorified In gilding and all the 
colouis of the prism interwoven and intertwined and intermingled."— 5m». 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 
TO'inted in Gold and Colours. By F. Deu^mottb. New and Cheaper 
Edition. Small 4to, ornamental boards 6/0 

" The examples of ancient MSS. recommended to the student, which, with much good sense, 
the author chooses firom collections accessible to all, are selected with judgment and knowledge as 
well as xasX^J^-^Athenaum. 

THE EMBROIDERER'S BOOK OF DESIGN. 




royal 8vo, ornamental wrapper 1 /o 

" The book will be of great assistance to ladies and young children who are endowed wit|i 
the art of plying the needle in this most ornamental and useful pretty vroTk^"— East Anglian Times. 



INSTRUCTIONS IN WOOD-CARVINQ FOR AMATEURS. 

With Hints on Desigii. Bv A Lady. With 10 Plates. New and Cheaper 

Edition. Crown 8vo, in emblematic wrapper 2/0 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt from * A 
Lady's ' publication."— ^/A^mrMm. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including 
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Fifth 
Enlition. Crpwn 8vo, cloth 5/0 

**i' Adopted as a PnM$ Book at South Kensington. 



" Much may be learned, even by those who fancy they do not require to be taught, from the 
>f this unpretending but comprehensive treatise."— Art yoitmal. 



careful perusal of 
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NATURAL SCIENCE, ftc. 
THE VISIBLE UNIVERSE. 

Chapters on the Origin aod Construction of the Heavens. By J. E. Gore, 
F.R. A.S., Author of^* Star Groups," &c Illustrated by 6 Stellar Pbotofi^raphs 
and xa Plates. Demy 8vo, cloth 1 6/0 

** A valuable and hidd summary of recent astrooomkal theory, rendered mcwe valuable and 
a t tr act i ve by a series of steDar photographs and other illustrations.''— 7Vk« Timt*. 

" In presentini; a clear and concise account of the present state of our knowledge Mr. Gore 
has made a valuable addition to the literature of the subject."— Wa/Mrr. 

" Mr. Gore's ' Visible Universe ' b one of the finest works on astronomical sctence diat have 
recenthr appeared ia our language. In spirit and in method it Is scientific from cover to cover, but 
the style is so clear and attractive that it will be as acceptable and as readable to those who make 
no scientific pretensions as to those who devote themselves specially to matters astronomical. **— 
Lttds Mtratry. 

STAR GROUPS. 

A Student's Guide to the Constellations. By J. Ellard Gore, F.R.A.S., 
M.R.I.A., &c, Author of "The Visible Universe," "The Scenery of the 
Heavens," &c. With 30 Maps. Small 410, cloth 5/0 

" The volume contains thirty maps showing stars of the sixth magnitude— the usual naked-ejre 
Hmit— and each is accompanied t^ a brief commentary adapted to fiurflltate recognitkm and bring 
to notice objects of special interest. For the purpose of a preliminary survey of the * midn^t 
pomp ' of the heavens nothing could be better than a set of delineations averaging scarcely twenty 
square inches in area and inclucUng nothing that cannot at once be identified. "—SatHrday Revi€to. 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interesting Celestial Obiects. By J. Ellard Gorb 
F.R.A.S., Author of " The Visible Universe," &c. Small crown 8vo, cloth. 

2/6 

"A very useAil little work for beginners in astronomy, and not to be despised by more 
advanced students. "—TA^ Times. 

" A very handy book . . . the utility of which is much increased by it valuable tables of 
astronomical data."— yf/ArnirMM. 

THE MICROSCOPE. 

Its Construction and Management. Including Technique, Photo-micrography, 
and the Past and Future of the Microscope. By Dr. Henri van Hburck. 
Re*E^ited and Augmented from the Fourth French Edition, and Translated 
■ by Wynne E. Baxter, F.G.S. 400 pp., with upwards of 250 Woodcuts, 
imp. 8vo, cloth 1 8/0 

" A translation of a well-known work, at once popular and comprehensive."— TViMrr. 
" The translation is as felicitous as it is accurate. —A'a/Mr«. 

PHOTO-MICROQRAPHY. 

Bv Dr. H. VAN Heurck. Extracted from the above Work. Royal 8vo, with 
Illustrations, sewed 1/0 

ASTRONOMY, 

By the late Rev. Robert Main, M.A^ F.R.S. Third Editi<Mi, Revised by 
William Thynne Lynn, B.A., F.R.A.S., formerly of the Royal Observatory, 
Greenwich. lamo, cloth 2/0 

"A found and simple treatise, very carefully edited, and a cajrital book for beginners."— 
Kn9wl*dgt, 

"Accurately brought down to the requirements of the present time by Mr. Lynn."— 
Educational Times. 

A MANUAL OP THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., 
F.G.S. With an Appendix on Recent and Fossil Conchological 
Discoveries, by Ralph Tate^ A.L.S., F.G.S. ^ With 23 Plates and 
upMrards of 300 Woodcuts. Repnnt of Fotuth Edition (1880). Crown 8vo, 

cloth 7/6 

" A most valuable storehouse of conchological and geological information.**— Sofrmx Gossip. 

THE TWIN RECORDS OF CREATION- 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concord. 

By G. W. V. LE Vaux. 8vo, cloth • . . . 5/0 

" A valuable contribution to the evidences of Revelation, and disposes very conclusively of 
the arguments of those who would set God's Works against God's Word. No real diflBculty is 
shirked, and no sophistry is left unexposed."— 7^ Rock. 
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HANDBOOK OF MECHANICS. 

By Dr. Lardner. Enlarged and re- written by Benjamin Loewy, F.R.A.S. 
378 Illustrations. Post 8vo, cloth QJQ 

"The perspicuity of the orisrinal has been retained, and chapters which had become obsolete 
have been replaced by others of more modem character. The explanations throufi^hout are 
studiously popular, and care has been taken to show the application of the various branches of 
physics to the industrial arts, and to the practical business of me."— Mining- journal. 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

By Dr. Lardner. New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Post 8vo, cloth .... 5/O 
" For those ' who desire to attain an accurate knowledge of physical science without the 
profound methods of mathematical investigation,' this work is well adapted."— CAem^tv/ A«wx. 

HANDBOOK OF HEAT. 

By Dr. Lardner. Edited and re-written by Benjamin Loewy, F.R. A.S., &c. 
117 Illustrations. Post 8vo, cloth 0/O 

" The style is always clear and precise, and conveys instruction without leaving any cloudiness 
or lurking doubts heYiaci."—Engineerin£r. 

HANDBOOK OF OPTICS. 

By Dr. Lardner. New Edition. Edited by T. Olver Harding, B. A. Lond. 
With 298 Illustrations. Small 8vo, 448 pp., cloth 5/0 

" Written by one of the ablest English scientific writers, beautifully and elaborately illustrated^" 
•"Mechanic^ Magazine. 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

By Dr. Lardner. Edited by Geo. Carey Foster, B.A., F.C.S. With 
400 Illustrations. Small 8vo, cloth 5/0 

" The book could not have been entrusted to any one better calculated to preserve the terse 
and lucid style of Lardner, while correcting his errors and bringing up his work to the present 
state of scientific knoytledit."— Popular Scienu Review. 

HANDBOOK OF ASTRONOMY. 

By Dr. Lardner. Fourth Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
100 Woodcuts. 8vo, cloth 9/6 

"Probably no other book contains the same amount of information in so compendious and 
well arranged a form— certainly none at the price at which this is offered to the puh\\c."— A thenau^n. 

" we can do no other than pronounce this work a most valuable manual of astronomy, and 
we strongly recommend it to all who wish to acquire a general— but at the same time correct- 
acquaintance with this sublime scieacc."— Quarterly journal o/Sciettce. 

MUSEUM OF SCIENCE AND ART. 

Eklited by Dr. Lardner. With upwards of 1,200 Engravings on Wood. In 
Six Double Volumes, £1 1 s. in a new and elegant cloth binding ; or hand* 
somely botmd in half-morocco £1 lis. 60. 

" A cheap and interesting publication, alike informing and attractive. The papers combine 
subjects of importance and great scientific knowledge, considerable inductive powers, and a popular 
style of treatment."- Sj^^c/lo/^r. 

Separate books formed from the above. 



Common Thlmgs Explained. 55. 
The Microscope. 25. cloth. 
Popular Geology. 25. 6d. cloth. 
Popular Physics. 25. 6d. cloth. 



Steam and its Uses. 2s. cloth. 
Popular Astronomy. 4s. 6d. cloth. 
The Bee and White Ants. 2s. cloth. 
The Electric Telegraph, is. 6d. 



NATURAL PHILOSOPHY FOR SCHOOLS. 

By Dr. Lardner. Fcap. 8vo 8/6 

" A very convenient class book for <unior students in private schools."— British Quarterl 
Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. 

By Dr. Lardner. Fcap. 8vo 8/6 

" Clearly written, well arranged, and excellently illustrated."— Car<ite«er'x Chrotticle. 

THE ELECTRIC TELEGRAPH. 

By Dr. Lardner. Revised by E. B. Bright, F.R.A.S. Fcap. 8vo. 2/6 
" One of the most readable books extant on the Electric Telcgxz^h."— English Mechanic. 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, &c. 

THE QA5 ENGINEER'S POCKET-BOOK. 

Comi»ising Tables, Notes and Memoranda relating to the ManufiuHare, 
Distribution and Use of Coal Gas and the Construction of Gas Works, By 
H. O'Connor, A.M.Inst.C.E., 450 pp., crown 8vo, fully Illustrated, leather. 

\Jnst Pmbiisktd, 10/6 

LIQHTINQ BY ACETYLENE 

(Generators, Burners, and Electric Furnace;^. By William £.'.Gibp$, ^i|1. 
With 66 Illustrations. Crown 8vo, cloth. [Just Pubiisktd, 7/6 

WATER AND ITS PURIFICATION- 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. By S. Rideal, D.Sc. Lond., F.I.C. With 
numerous Illustrations and Tables. Crown 8vo, cloth. [Just Publishsd: 7/6 

" Dr. Rideal's book is both interesting and accurate, and contains a most useful risumi of 
the latest knowledi^ upon the subject of which it treats. It ought to be of great service to all who 
are connected with the supply of water for domestic or manufiacturing purposes."— TAr Enfftneer. 

" Dealing as clearly as it does with the various ramifications of such an important subject as 
water and its purification it may be warmly recommended. I^ocal authorities and all eng<^|ed in 
sanitary affairs, and othera interested in water supfdy, will read its pages with pro6t."—LaHcef. 

ENQINEERINQ CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters, Iron Founders, Students and others. Comprising Methods (^Analysis 
and Valuation of the Principal Materials used in Engineering Work, with 
Analyses, Examples and Suggestions. By H. J. Phillips, F.I.C, F.C.S. 
Second Edition, Enlarged. Crown Svo, 400pp., with Illustrations, cloth , 1 0/6 

" In this work the author has rendered no small service to a numerous body of practical 
men. . . . The analytical methods may be pronounced most satis£actory, being as accurate as the 
despatch required of engineering chemists permits." — ChetHical Netus^ 

" Full of good things. As a handbooK of technical analysis, it is very wtiicome."SuiUUr. 

" The analytical methods given are. as a whole, such as are likely to give rapid and trust- 
worthy results in experienced hands. . . . There is much excellent descrifMive matter in the work, 
the chapter on ' Oils and Lubrication ' being specially noticeable in this respect." — Ettgi$u€r. 

NITRO-EXPLOSIVES. 

A Practical Treatise concerning the Properties, Manufacture, and Analysis 
of Nitrated Substances, including the Fulminates, Smokeless Powders, and 
Celluloid. By P. G. Sanford, F. I.C. , Consulting Chemist to the Cotton Powder 
Company, &c. With Illustrations. Crown Svo, cloth. [Just Published. 9/0 

" Any one having the requisite apparatus and materials could make nitro-gl)rcerine or gun- 
cotton, to say nothing of other explosives, by the aid of the instructions in this volume. This is 
one of the very few text-books in which can be found Just wHat is wanted. Mr. Stanford goes 
through the whole list of explosives commonly used, names any given exidosive, and tells us of what 
it is composed and how it is manufactured. The book is excellent throughout."— fi^M««r. 

A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of Dyn^unite, Gun*Cotton, 

• Nitro-Glycerine and other Explosive Compounds, including Collodion-Cotton. 

With Chapters on Explosives in Practical Application. By M. Eissler, 

Mining Engineer and Metallurgical Chemist. Second Edition, Enlarged. 

With 150 Illustrations. Crown Svo, cloth. [JusiPubUshid. 1 2/JS 

" Useful not only to the miner, but also to officers of both services to whom blasting and the 
use of explosives generally may at any time become a necessary auxiliary."— A'a/Wrr. 

DANGEROUS GOODS. 

Their Sources and Properties, Modes of Storage and Transport. With Not^ 
and Comments on Accidents arising therefrom, together with the Government 
and Railway Classifications, Acts of Parliament, &c. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, Insurance Companies 
and Manufacturers, and Users of Explosives and Dangerous Goods. By 
H. Joshua Phillips, F.I.C, F.C.S. Crown Svo, 374 pp., cloth . . 9/0 
♦* Merits a wide circulation, and an intelligent, appreciative study, ^^hemkui Ntn>s, 
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A MANUAL OF THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon-Tyne and 
London. 390 pp. of Text. With 232 Illustrations and Working Drawings. 
Second Edition, with Additions. Super-royal 8vo, cloth . . £1 "| 0«. 
" This book is written by a manufacturer for manufacturers. The working details of the most 
approved forms of apparatus are given, and these are accompanied by no less than 232 wood 
engravings, all of which may be used for the purposes of construction. Every step in the manu- 
facture te venr fully described in this manual, and each improvement explained. —.<4/A«y(<rwm. 

"We find not merely a sound and luminous explanation of the chemical principles f the 
trade, but a notice of numerous matters which have a most important bearing on the successful 
conduct of alkali works, but which are generally overlooked by even experienced technoloirical 
SM\ihots."— Chemical Review. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 

QBOLOOY. 

Containing all known Methods of Anhydrous Analysis, many Working 
Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. With 120 Illustrations. Second Edition, Enlarged. 
Crown 8vo, cloth 5/Q 

_jii V ^? student who goes conscientiously through the course of experimentation here laid down 
wfll gam a better insight mto inorganic chemistry and mineralogy than if he had ' got up ' any of the 
best text-books of the day, and passed any number of examinations in their contcats.— Chemical 
News. 

COMMERCIAL HANDBOOK OF CHEMICAL ANALYSIS. 

Or, Practical Instructions for the Determination of the Intrinsic or Commercial 
Value of Substances used in Manufactures, in Trades, and in the Arts. By 
A. Normandy. New Edition by H. M. Noad, Ph.D., F.R.S. Crown 8vo, 
cloth 12/6 

" We strongly recommend this book to our readers as a guide, alike indispensable to the 
housewife as to the pharmaceutical practitioner."— Aftrt/ios/ Times. 

THE MANUAL OF COLOURS AND DYE-WARES. 

Their Properties, Applications, Valuations, Impurities and Sophistications. 
For the Use^ of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slater. 
Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/6 

"A complete encyclopaedia of the materia tinctoria. The information given respecting each 
article is full and precise, and the methods of determining the value of artkles such as these, so 
liaUeto sophistication, are given with clearness, and are practical as well as valuable."— CA^mtJ/ 
and Druggist. 

" 'reere is no other work which covers precisely the same ground. To students preparing 
for examinations in dyeing and printing it will prove exceedingly useful"— CA^mim/ News. 

A HANDY BOOK FOR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 

Conclusions of Modern Research which bear upon the Practice of Brewing. 

By Herbert Edwards Wright, M.A. Second Edition, Enlarged. Crown 

8vo, 530 pp., cloth. [/««< Published. 1 2/6 

" May be consulted with advantage by the student who is preparing himself for examinational 

tests, while the scientific brewer will find in it a r/sum/ of all the most important discoveries of 

modem times. The work is written throughout in a clear and concise manner, and the author 

takes great care to discriminate between vague theories and well-established facts."— Brewers' 

youmat. 

^ " We have great pleasure in recommending this handy book, and have no hesitation in saying 
that it is one of the best— if not the best— which has yet been written on the subject of beer-brewing 
in this country ; it should have a place on the shelves of every brewer's library."— ^frw^r? 
Guardian. 

" Akhoufl^ the requirements of the student are primarily considered, an acquaintance of half- 
an-hour's duranon cannot fail to impress the practical brewer with the sense of having found a 
trustworthy guide and practical counsellor in brewery matters." — Chemical Trade yottmal. 

FUELS: SOLID, LIQUID, AND GASEOUS. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 
H. J. Phillips. F.C.S., formerly Analytical and Consulting Chemist to the 
G.E^ Rlwy. Third Edition, Revised and Enlarged. Crown 8vo, cloth 2/0 



it 



' Ought to have its place in the laboratory of every metallurgical establishment and wherever 
fiiel is used on a large xaIe."-~Chemical News. 
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THE ARTI5T5* MANUAL OF PIGMENTS. 

Showing their Compoaticm, C^didons of Permanencv, Ncm-Permanency, and 
Adttlteradcms ; Effects in Combinaticm with Each Outer and with Vehicles ; 
and the most Reliable Tests of Purity. By H. C. Standagb. Tliird Edition, 
crown 8vo, cloth J2/0 

" This work b indeed multum-in-^rv*, and we can. with good conscience, recommend it to 
all who c<»ne in contact with pigments, whether as makers, dealers, or users."— CA^Mto/ Review. 

A POCKET-BOOK OP MENSURATION AND QAUQINQ. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants. &c. By J. B. Mant, Inland Revenue. Sec<md Edition, 
Revised. i8mo, leather AlO 

" This handy and useftil book is adapted to the requirements of the Inland Revenue Depart- 
ment, and will be a fiivourite book of reCerence. The range of subjects is comprehenrive, ana the 
arrangement simple and dear." — Civilian. 

" Should be in the hands oi every practical hTtwer."-~Brtwert' ypumal. 



INDUSTRIAL ARTS, TRADES, AND 

MANUFACTURES. 

MODERN CYCLES. 

A Practical Handbook on their Construction and Repair. By A. J. Wallis- 
Tayler, a. M. Inst. C. E. Author of " Refriserating Machinery, ''^&c. With 
upwards of 300 Illustrations. Crown 8vo, cloth. {Just Pttbhshed. 1 0/6 

" The laive trade that is done in the component parts of bicycles has placed in the way of 
men mechanically inclined extraordinary facilities for buUotng bicycles for their own use. . . . The 
book will prove a valuable guide for all those who aspire to the manufacture or repair c€ their own 
machines, "^r^ Field 

"A most comprehensive and up-to-date treatise."— rAc« Cjtde. 

"A verv useful book, which is quite entitled to rank as a standard work for students of cycle 
construction. — IVheeliMg. 

TEA PLANTING AND MANUFACTURE 

(A Text Book oO- Comprising Chapters on the Histoiy and Development of 
the Industry, the Cultivation of the Plant, the Preoaration of the Leaf for the 
Market, the Botany and Chembtry of Tea, &c. with some Account of the 
Laws affecting Labour in Tea Gardens in Assam and elsewhere. By David 
Crole, late of the Jokai Tea Company, &c. With Plates and other Illustra- 
tions. Medium 8vo, cloth. [Ju^t Published. 1 6/0 

" The author writes as an expert, and gives the result of his personal experiences. The work 
can hardly fail to be of practical interest to tea growers and tea manu&cturers."— ^riAlsA Trade 
youmal. 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacturers. 
By John Lister, Technical Instructor, Pendleton. 8vo, cloth . . 7/S 

" This invaluable volume is a distinct advance in the literature of cotton manu&cture."— 
MachiHery. 

" It is thoroughly reliable, fulfilling nearly all the requirements desired. —GUt^ow Herald. 

FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Friedrich Kick, Impenal 
Regierungsrath, Professor of Mechanical Technology in the Imperial Goman 
Pofytechnic Institute, Prague. Translated from the Second Enlarged and 
Revised Edition with Supplement. By H. H. P. Powles, Assoc. Memb. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 38 Folding 

Plates, and 167 Woodcuts. Royal 8vo, cloth £1 6 s. 

" Thb valuable work is. and will remaini the standard authority on the science of milling. . « 
The miller who has read ana digested this work will have laid the foundation, so to speak, of si 
successful career ; he will have acquired a number of general principles which he can proceed to 
apply. In this handsome volume we at last have the accepted text-book of modem miUiJig in good, 
sound English, which has littie, if any, trace of the German vdXovcL."— The Miller. 

" The appearance of this celebrated work in English is very opportune, and British millerd 
Will, we are sure, no be slow in availing themselves of its pages."— JftViSrrx' Gazette. 
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CBMBNT5, PA5TB5, QLUE5, AND QUM5. 

A Practical Guide to the Manufacture and Application of the various Aggluti- 
nants required in the Building, Metal-Working, Wood- Working, and Leather- 
Working Trades, and for Workshop, Laboratory or Office Use. With upwards 
of 900 Recipes and Formulae. By H. C. Standagb, Chemist. Third Editicm. 
Crown 8vo, cloth. [/««< Published. 2/0 

"We have pleasure in speaking favourably of this volume. So far as we have had 
experience, which Is not incondderable, this manual is trustworthy,"— A then^eutn. 

" As a revelation of what are considered trade secrets, this book will arouse an amount of 
curiosity among the large number of industries it touches."— Z^at'/y Chronicie. 

THE ART OP 50AP-MAKINQ. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alx. Watt. Fifth Edition, Revised, with 
an Appendix on Modern Candlemaking. Crown 8vo, cloth . . . 7/6 

"The work win prove very useful, not merely to the technol<^cal student, but to the 
practical soap boiler who wishes to understand the theory of his art." — Chetnical News. 

"A thoroughly practical treatise on an art which has almost no literature in our langua^. 
We congratulate the author on the success of his endeavour to fill a void in English techmcal 
literature. "—Aa/Mr^f. 

PRACTICAL PAPER-MAKINQ. 

A Manual for Paper-Makers and Owners and Manners of Paper-Mills. With 
Tables, Calculations, &c. By G. Clapperton, Paper-Maker. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . BIO 

" The author caters for the requirements of responsible mill hands, apprentices, &c., whilst 
his manud will be found ofgreat service to students of technology, as well as to veteran ^per- 
makers and mill owners. The illustrations form an excellent feature."— TMe fVorld's Paper Tirade 
Review. 

" We recommend everybody interested in the trade to get a copy of this thoroughly practical 
hooV."— Paper Making. 

THE ART OF PAPER-MAKINQ. 

A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 
Wood Fibre, with a Description of the Machinery and Appliances used. To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Alexander Watt, Author of " The Art of Soap-Making." With Illus- 
trations. Crown Svo, cloth 7/6 

"It may be r^farded as the standard work on the subject. The book is full of valuable 
nformation. The ' Art of Paper-Making ' is in every respect a model of a text-book, either for a 
technical class, or for the private student. —/\7/^r and Printing Trades youmat. 

A TREATISE ON PAPER 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tsd>les of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School. Demy Svo, cloth. 

[Just Published. SIQ 

THE ART OF LEATHER MANUFACTURE- 

Being a Practical Handbook, in which the Operations of Tanning, Currying, 
and Leather Dressing are fully Described, and the Principles of Tanning 
Explained, and many Recent Processes Introduced ; as also Methods for the 
Estimation of Tannm. and a Description of the Arts of Glue Boiling, Gut 
Dressing. &c. By Alexander Watt, Author of " Soap-Making," &c. 

Fourth Edition. Crown Svo, cloth 9/0 

" A sound, comprehensive treatise on tanning and its accessories The book is an eminently 

valuable production, which redounds to the credit of both author and publishers."— CA^m^ht/ 

Review. 

THE ART OF BOOT AND SHOE MAKiNQ. 

A Practical Handbook, including Measurement, Last-Fitting, Cutting-Out, 
Closing and Making, with a Description of the most approved Machinery 
Employed. By John B. Leno, late Editor of 5^ Crispin, and The Boot ana 
Shoe-Maker, xamo, cloth . . 2/0 
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WOOD ENQRAVINQ. 

A Practical and Easy Introduction to the Study of the Art. By W. N. Brown. 
lamo, cloth I/O 

" The book is dear and cmnplete. and wfll be useful to any one wanting to understand the 
first elements of the beautiful art or wood eogmriot[."—Orq^M$c. 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated fr(Hn the French of Claudius Saunibr, ex<Direct<Mr of the School 

of Horology at Macon, by Julien Tripplin, F.R.A.S., Besanom Watch 

Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. With 

Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second 

Edition. Super-royal 8vo, cloth, £2 2s. ; half-calf . . £2 IDs. 

" There is no horoktgical worlc in the Eni^ish lanffuage at all to be comuared to this pfoduc- 

tion of M. Saunler's for clearness and completeness. It is alike good as a guloe for the stu<Mnt and 

as a reference for the experienced horolc^fist and skilled yfotktnan."—/forafiigicai yeurnal. 

" The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are inaebted for the mechanical superiority over their English brethren 
—in fact, the Book of Books, is M. Saunier's ' Treatise.'"— fFoftAmoivr, ytwel/er^ and SUversmitM. 

THE WATCH ADJUSTER'S MANUAL. 

A Practical Guide for the Watch and Chronometer Adjuster in Making, 
Springing, Timing and Adjusting for Isodironism, Positions and Temperatures. . 
By C. £. Fritts. 370 pp., with Illustrations, 8vo, cloth . ... 1 6/0 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Compani<Hi for those engaged in Watchmaking and - 
the Allied Mechanical Arts. Translated from the French of Claudius 



Saunier, and enlarged by Julien Tripplin, F.R.A.S., and Edward 
;, M.A., Assayer m the Royal Mint. Third Edition. 8vo, cloth. 

is good ai 

' it is impossible to speaC too highly of its exctdlence. It M& erery requirement in a 



RiGG, M.A., Assayer m the Rojnd Mint. Third Edition. 8vo, cloth. 9/0 

" Each part is truly a treatise in itself. The arrangement is good and the 1 
and concise. It is an acunirable guide for the young vi^Xtibsaaksx"— Engineering. 



handbook intended for the use of a workman. Should be found in every woricshop. — ff^cArA «Md 
Clockmaker. 

A HISTORY OF WATCHES Si OTHER TIMEKEEPERS. 

By James F. Kendal, M.B.H. Inst. Boards, 1/6; or cloth, gilt . 2/6 
"The best which has yet appeared on this subject in the English language."— Af<^Kjr/r£ef. 
" Open the book where you may, there is interesting matter in it concerning the ingenious 
devices of the ancient or modem )\oro\io^x."—Satitrday Review. 

ELECTRO-DEPOSITION. 

A Practical Treatise on the Electrolysis of Gold, Silver, Copper, Nickel, and 
other Metals and Alloys. With Descriptions of Voltaic Batteries, Magneto 
and Dynamo-Electric Machines, Thermopiles, and of the Materials itnd 
Processes used in every Department of the Art, and several Chapters on 
Electro-Metallurgy. Bjr Alexander Watt, Author of "Electro- 
Metallurgy," &c. Third Edition, Revised. Crown 8vo, cloth . . 9/0 
" Eminently a book for the practical worker in electro-deposition. It contains piactica) 

descriptions of methods, processes and materials, as actually pursued and used in the workshop."— 

Engineer. 

ELECTRO-METALLURGY. 

Practically Treated. By Alexander Watt. Tenth Edition, incltiding the 

most recent Processes. i2mo, cloth 8/6 

" From this book both amateur and artisan may learn everything necessary for the successfu 
prosecution of electroplating."— /jTiw*. 

JEWELLER'S ASSISTANT IN WORKING IN GOLD, 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 

of Thirty Years' Workshop Practice. By George E. Gee, Author d[ " The 

Goldsmith's Handbook," &c. Crown 8vo, cloth 7/6 

" This manual of technical education is apparently destined to be a valuable auxiliary to a 
handicraft which is certainly capable of great improvement*— 77t^ Times. 



INDUSTRIAL AND USEFUL ARTS, 39 

ELECTROPLATING.' , 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 

\ ' Aluminium, Brass, Platinum, &c., &c. By J. W. Urquhart, C.E. Third 

B^tion, Revised. Crown 8vo, cloth ff/O 

" An excellent practical XDaxaidl."—Bngintering: 

*' An excellent vrork, f^ymg the newest 'mioTmaX\on."—Horo!o£rical youmai, 

ELECTROTYPINQ, 

The Reproduction and Multiplication of Printing Surfaces and Works of Art 
by the Electro-Deposition of Metals. By J. W. Urquhart, C.E. Crown 8vo, 

cloth 6/0 

" The book is thoroughly practical ; the reader is, therefore, conducted through the leading 

laws of electricity, then through the metals used by electrotypers, the apparatus, and the depositing 

processes, up to the final preparation of the wo'rk. — yf r/ JoMmal, 

GOLDSMITH'S HANDBOOK. 

By George E. Gee, Jeweller, &c. Fifth Edition. i2mo, cloth . . 3/0 

"A good, sound educator, and will be generally accepted as an authority."— /Tcro/^s'ihs/ 
youmal. . • 

SILVERSMITH'S HANDBOOK. 

By George E. Gee, Jeweller, &c. Third Edition, with numerous Illustra* 

tions. lamo, cloth S/O- 

"The chief merit of the work is its practical character. . . . The workers in the trade will 
speedily discover its merits when they ^ down to study \X." ^English Mechanic. 

*♦* The above two works together, strongly half»bound, price 7s. 

SHEET METAL WORKER'S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 

Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 

. Tin-Plate Workers. By Reuben Henry Warn. New Edition, Revised and 

■ greatly Enlarged by Joseph G. Horner, A.M.I. M.E. Crown 8vo, 254 pp., 

with 430 Illustrations, cloth. [Just Published. 7/6 

BREAD Si BISCUIT BAKER'S Si SUQAR-BOILER'S 

ASSISTANT. 

Including a large variety of Modem Recipes. With Remarks on the Art of 

Bread-making. By Robert Wells. Third Edition. Crown 8vo, cloth . 2/0 

" A large number of wrinkles for the ordinary cook, as well as the hakct."—Saiuniay Reineiv, 

PASTRYCOOK A: CONFECTIONER'S GUIDE. 

For Hotels, Restaurants, and the Trade in general, adapted also for Family 

Use. By R. Wells, Author of " The Bread and Biscuit Baker." Crown 8vo, 

cloth 2/0 

" We cannot speak too highly of this really excellent work. In these days of keen competition 
our readers cannot do better than purchase this book."— ^a^b^r;' Times.. 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of 

Modem Recipes, and Remarks on Decorative and Coloured Work. With 129 

Original Designs. By Robert Wells. Second Edition. Crown 8vo . 5/0 

■ "A valuable work, practical, and should be in the hands of every baker and confectioner. 
Tbe illustrative designs are alone worth treble the amount charged for the whole work."— SaJkers' 

THE MODERN FLOUR CONFECTIONER, WHOLESALE 

AND RETAIL. 

C<»itaining a large Collection of Recioes for Cheap Cakes, Biscuits, &c. With 

remarks on the Ingredients Used in tneir Manufacture. By Robert Wells, 

Author of " The Bread and Biscuit Baker," &c. Crown 8vo, cloth . 2/0 

" The wo* is of a decidedly piactical character, and in every recipe regard is had to economical 

workinff."— A^#ra British Daily Mail. 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Si.oane, A.M., 
Ph.D. With numerous Illustrations. Square 8vo, cloth . . 6/Q 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 

Editor of " Work " (New Series), Author of " Lathe Work," " Milling Machines," &c 

Crown 8vo, 144 pp., cloth, price is. each. 

Th4s* Hamdybooks hav$ bun written to supplv information for Workmbk, 
Students, and Amateurs in the several Handicrafts, on the actual Practice of 
the Workshop, and ar$ intended to convey in plain language Technical Know- 
ledge of the several Crafts. In describing the processes emfioyed, and the mampu- 
lation of material, workshop terms are used ; workshop practice is fully explained ; 
and the text is fruly illustrated with drawings of modem tools, appliances, and 
processes. 

THE METAL TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Foot>Lathe. With over xoo Ilhis- 

traticms. I/O 

" The book will be of service alike to the amateur and the artisan turner. It cUsf^ys 
thorough knowledge of the subject."— ScMtnfiaM. 

THE WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over xoo Illustrations 

1/0 
" We recommend the book to young turners and amateurs. A multitude of workmen have 
hitherto sought in Tain for a manual of this special Industry."— Mtckanieat fFirrld, 

THE WATCH JOBBER'S HANDYBOOK, 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

100 Illtistrations I/Q 

" We strongly advise all young persons connected with the watch trade to acquire and stu<ty 
is inexpensive woi\L."—CUrM€H-wtu ChrenicU. 

THE PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 

upwards of 100 Illustrations I/O 

" A most valuable, if not indispensable manual for the pattern makitT."—KtumUd^. 

THE MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulati<m, emtwadne Infonnation 
on various Handicraft^ Processes. With useful Notes and Miscellaneous 

Memoranda. Comprising about aoo Subjects 1 /Q 

" A very clever and useful book, which should be found in every vroricshop ; and it should 
certainly find a place in all technical scYiOoys."— Saturday Review. 

THE MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upwards of 100 Illustrations -I/O 

" Mr. Hasluck has produced a very good little hoolk." —Builder. 

THE CLOCK JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and A4jnsting. With upwards of 

100 Illustrations 1/0 

" It is of inestimable service to those commencing the tm^"— Coventry Standard. 

THE CABINET MAKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 

employed in Cabinet Work. With upvrards of 100 Illustrations •I/O 

" Mr. Hasluck's thorough-going little Handybook is amongst the most practical guides we 
have seen for beginners in cabmet-work."— 5a/Mnto^ Review. 

THE WOODWORKER'S HANDYBOOK OF MANUAL 

INSTRUCTION. 

Embracing Information ^ on the Tools, Materials, Appliances and Processes 

Employed in Woodworking. With 104 Illustrations I/O 

Opinions op the Press. 
" Written by a man who knows, not only how -work, ought to be done, but how to do it, and 
how to convey his knowledge to others." — Engineering. 

" Mr. Hasluck writes admirably, and gives compSete \DS^x^x<^^SlD:^."— Engineer. 
" Mr. Hasluck combbies the experience of a practical teacher with the manipulative skill and 
scientific knowledge of processes of the trained mechanician, and the mamir^l^ are marvels of what 
can be produced at a popular price." — Schoolmaster. 

" Helpful to workmen or all ages and d^frees of experience."— Acf/y Chronicle. 
" Practical, sensible, and remarkably cheap."— journal q/" Education. 
" Concise, clear and ptacticaL"— Saturday Review. 
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LE550N5 IN COMMERCE. 

By Professor R. Gam bard, of the Royal High Commercial School at Genoa. 
Edited and Revised by James Gault, Professor of Commerce and Commercial 
Law in King's College, London. Second Edition, Revised. Crown 8vo . 3/6 

" The puUishers of this work have rendered considerable service to the cause of commercial 
education by the opportune production of this volume. . . . The work is peculiarly acceptaUe to 
English readers and an admirable addition to existinif class books. In a phrase, we think the work 
attains its object in furnishing' a brief account of those laws and customs of British trade with which 
the commercial man interested therein should be fanuiiax."— CJtamder o/" Commerce journal. 

" An invaluable guide in the hands of those who are preparing for a commercial career, and, 
in fact, the information it contains on matters of business should be impressed on every one."— 
Counting House. 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Corres];>ondence in Five Languages — English, 
French, German, Italian, and Spanish. By Conrad E. Baker. Second 

Eldition. Crown 8vo, cloth 3/6 

" Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do 
better than study^ this work, the materials of which are excellent and conveniently arranged. They 
consist not of entire specimen letters, but— what are far more useful— short passages, sentences, or 
phrases expressing the same general idea in various ioTTas."—Athenaufn. 

" A careful examination has convinced us that it is unusually complete, well arranged and 
reliable. The book is a thoroughly good one."— Schoolmaster. 

A NEW BOOK OF COMMERCIAL FRENCH. 

Grammar — Vocabulary — Correspondence — Commercial Documents — Geo- 
graphy—Arithmetic — ^Lexicon. By P. Carrou£, Professor in the City High 
School J. — B. Say (Paris). Crown 8vo, cloth 4/iS 

" M. Carrou^'s book is a vade nucum of commercial French, and would be distinctly in its 
place in every merchant's office. Nothing better could be AsiAkA."— Educational Times. 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufacturers, with Appendices on the 
Nomenclatiu-e of Machine Details; the Income Tax Acts; the Rating of 
'Factories ; Fire and Boiler Insiu-ance ; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large ntmiber of Specimen Rulings. 
By Emilb Garckb and J. M. Feli^. Foiu-th Edition, Revised and Enlarged. 
Demy 8vo, 250 pp., strongly bound 6/0 

" A very interesting description of the requirements of Factory Accounts. . . . The principle 
of asdmilating the Factory Accounts to the general commercial books is one which we thoroughly 
agree 'mWEk,"—Actxntntant^ youmal. 

" Characterised by extreme thoroughness. There are few owners of factories who would not 
derive great benefit from the perusal of this most admirable yfOT)c,"— Local Government Chronicle. 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Centtuy. With 

an Appendix containing a proposed English System. By Lowis D. A. 

Jackson, A. M. Inst. C. E., Autnor of " Aid to Siurvey Practice," &c. Large 

crown 8vo, cloth 1 2/6 

"We recommend the work to all interested in the practical reform of our weights and 
measures."— Ao/Mfv. 

A SERIES OF METRIC TABLES. 

In which the British Standard Measures and Weights are compared with those 
of the Metric System at present in Use on the Continent. By C. H. Dowling, 

C.E. 8 vo, strongly bound 10/6 

"Mr. Dowling's Tables are well put together as a ready reckoner for the conversion of one 
system into the oXhtt."-'Athenaum. 

THE IRON AND METAL TRADES' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from is. per cwt. to 1125. per cwt., and from one farthing per poimd to 
one shilling per pound. By Thomas Downib. 396 pp., leather . . 9/0 

" A most useful set of tables, nothing like them before existed."— ^M«*/af(»f' News. 
" Althou^ specially adapted to the iron and metal trades, the tables wifl be found useful 
every other business in which merchandise is bought and sold by weight."— ^at/way News. 
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INUMBER, WEIGHT, AND FRACTIONAL CAIXULATOR. 

Containing upwards of 350,000 Separate Calculatioaa, showing at a Glance the 
Value at 422 Different Rates, ranging from i^ytfa of a Penn^ to aos. each, or per 
cwt., and £^0 per ton, of any numMr at articles consecutively, fr<Mn s to 470. 
Any number of cwts., qrs., and Ihs.* from x cwt. to 470 cwts. Any number of 



ttms. cwts., qrs., and lbs., fron x to x,ooo tons. By William Chadwick, 
Public Accountant. Xhird -Edition, Revised. 8vo, strongly bound . 18/0 

" It it as easy of rttmmce for any answer or anv number of answers as a dictionary. For 
maldnff up accounts or^admates the book nuist prove mvaluable to all who have any consiacraUe 
quant^ of mhiilftnni inrohrins price and measure in any onnbinatlon to do."— EftgiMter. 

•• Tiw. — ■» perfiDCt work of the kind 3ret prepared."— C/a^^w Htrmld. 



THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at 
one Reference the exact Value of any Weight from i lb. to 15 tons, at^ 309 
Progresdve Rates, fit>m \d. to 1685. per cwt., and containing z86,ooo DJKCt 
Answers, which, with their Combinations, consisting of a single additi<»i 
mostly to be perfcMrmed at siaiitX will aJBTord an aggregate c« 10,266,000 
Ajiswers ; the wnole being calculated and designed to ensure anrectness and 
cn'omote de^>atch. By Henry Harbbn, Accountant. Fifth Edition, carefrilly 
Cooected. Rojral Svo, strongly half-bound ..... £1 0s. 

" A practical and useful work of reference for men of business generally." — Jr0Hm»Hg€r. 
"Of priceless value to business men. It is a necessary boMc in all mercantile offices. "•^ 
Sh^gUld Independent. 

THE DISCOUNT QUIOa 

Comprising several Series of Tables for the Use of Merchants, Manufacturers, 
Ironmongers, and Others, by ^ich maybe ascertained the Exact Profit arising 
from anv mode of using Discoimts, either in the Purchase xx Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required Profit after 
allowing one or more Discounts : to which are added Tables of Profit or 
Advance from li to 90 per cent., Tables of Discount from il; to 98} per cent., 
and Tables of Commission, &c., from | to 10 per cent. By Henry Harben, 
Accoimtant. New Edition, Corrected. Demy Svo, half-bound . £1 Ss. 

" A book such as this can only be appreciated by business men, to whom the saving of time 
means saving of money. The work must prove of great value to merchants, manufacturers, and 
general traders."— i?rM(A Trade youmai. 

TABLES OF WAGES. 

At 54, 53, 50 and ^8 Hours per Week. Showing the Amounts of Wi^es from 
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages 
advancing by One Shilling from 45. to 55s. per week. By Thos. Garbutt, 
Accountant. Square crown Svo, half-bound 6/0 

IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the 
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from 
I foot by 6 in. by \ in. to 10 feet by § feet by i in. ^ Worked out on the Basis of 
40 lbs. to the square foot of Iron of x inch in thickness. By H. Burlinson 
and W. H. Simpson. 4to, half-bound . . £1 6s» 

MATHEMATICAL TABLES (ACTUARIAL). 

Comprising Commutation and Conversion Tables, Logarithms, Cologarithms, 
Antiiogarithms and Reciprocals. By J. W. Gordon. Ro^ 8vo. mounted 
on canvas, in cloth case. {.Ji*st Published, S/O 
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AGRICULTURE, FARMING, 
GARDENING, &c. 



THE COMPLETE QRAZIER AND PARMER'S AND 

CATTLB BRBBDBR'S ASSISTANT. 

A Compendium of Husbandry. Originally Written by William Youatt, 
Thirteenth Edition, entirely Re-written, considerably Enlarged, and brought 
up to the Present Requirements of Agricultural Practice, by William 
Frbam, LL.D., Steven Lecturer in the University of Edinburgh, Author of 
"The Elements of Agriculture," &c. Royal 8vo, 1,100 pp^ with over 
450 Illustrations, strongly and handsomely bound . . . £1 11s. 60. 

summary of Contents. 

BOOK VII. On the Breeding, Rearing. 

AND Management of poultry. 
BOOK VIII. ON Farm offices and 



Implements of Husbandry. 

BOOK IX. On the Culture and Man- 
agement of Grass lands. 

BOOK X. On the Cultivation awd 
Application of Grasses. Pulse and 
Roots. 

Book XI. On Manures and their 
Application to Grass Land and 



BOOK I. On the Varieties, Breeding, 
Rearing, Fattening and Manage- 
ment of Cattle. 

Book II. On the economy and man- 
agement of the Dairy. 

Book III. On the breeding. Rearing, 
and Management of Horses. 

Book iv. on the breeding, rearing, 
AND Fattening of Sheep. 

Book v. on the Breeding. Rearing, 
and Fattening of Swine. 

BOOK VI. ON THE Diseases of Live ( Crops. 
Stock. book xii. monthly calendars of 

' Farmwork. 

*»* Opinions of the Press on the New Edition. 

" Dr. Fream is to be congrratuUted on the successful attempt he has made to give us a work 
which will at once become the standard classic of the farm practice of the countiy. We believe 
that It will be found that it has no compeer amongr the many works at present in existence. . . . 
The illustrations are admirable, while the frontispiece, which represents the well-known bull. 
New Year's Gift, bred by the Queen, is a work of art"— T/r^ Tinus. 

" The book must be recognised as occupying the proud position of the most exhaustive work 
of refierence in the English language on the suoject with which it 6.tiais"—AtfuHaufn. 

" The moat comprehensive guide to modem farm practice that exists in the English language 
to-day. . . . The book is one that ought to be on every turn and in the library of every land 
owner." — Mark Lane Express. 

** In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent and 
unique position among books dealing with scientific agricultural practice. It is, in fact, an agricul- 
tural library of hsdt'^NortA British Agriculturist. 

"A compendium of authoritative and well-ordered knowledge on every cuaceivable branch of 
the work of the live stock farmer; probably without an equal in this or any other country."— 
Yorkshire Past. 

FARM LIVE STOCK OP GREAT BRITAIN. 

By Robert Wallace, F.L.S., F.R.S.E.. &c., Professor of Agriculture and 
Rural Ek^onomy in the university of Edinourgh. Third Edition, thorotighly 
Revised and considersdily Enmged. With over 130 Phototypes of Prize 
Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . . 1 2/6 

" A really complete work on the history, breeds, and management of the farm stock of Great 
Biitain; and one which is likely to find its way to the shelves of every country gentleman's library." 
—Tht Times. 

" The latest edition of ' Farm Live Stock of Great Britain ' is a produc^n to be proud of, and 
its issue not the least of the services which its author has rendered to agricultunu science."— 
Scottish Farmer. 

"The book is very attractive. . . . and we can 9carcdy imagine the existence of a 
fiurmer who would not like to have a copy of this beautiful and useful ynxikJ^—Mark Lane Express. 

NOTE-BOOK OP AGRICULTURAL PACTS & PIQURES 

FOR FARMERS AND FARM STUDBNTS. 

By Primrose McConnbll, B.Sc., Fellow of the Highland and Agricultural 

Society, Author of " Elements of Farming." Sixth EUlition, Re-written, Revised, 

and greatly Enlarged. Fcap. 8vo, 480 pp., leather. \Just Published. QIO 

Summary of Contents : surveying and Levelling. — Weights and 
MEASURES. — Machinery and Buildings. — Labour. — Operations. — Draining. — 
Embanking.— Geological Memoranda.— soils.— Manures.— Cropping.— Crops.— 

rotations. — W^EDS.- F9BDIN& — DAIRYINa— LIVE STOCK. — HORSES. — CATTLE. — 

SHEEP.— Pigs.— PoOltry.— Forestry.— Horticulture.— Miscellaneous. 

" No farmer, and certainly no agricultural student, ought to be without this mu/tum-in-^arvo 
manual of aU subjects connected with the farm."— North British Agriculturist. 

" This little pocket>book contains a large amount of useful information upon all kinds of agri- 
cultural subjects. Something of the kind has long been wanted."— Afar^ iMne Express. 

" The amount of information it contains is most surprising ; the arrangement of the matter is 
so methodical— although so compressed— as to be intdlifiUe to everyone who takes a glance through 
its pages. They teem with information.'*— Fanw and Home. 
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BRITISH DAIRYING. 

A Handv Volume on the Work of the Dairy- Farm. For the Use of Technical 
InstrucUon Classes, Students in Agricultural Coll^;es and the Working Dairy- 
Farmer. By Prof. J. P. Sheldon. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth. [ Just Published. 2/6 

" Confidently tecommended as a useful text-book on dairy (axtciDg.''~-A£riatUMral Gasette. 

" PiobaUy the best half-crown numual on dairy work that has yet been produced."— iVbr/A 
BrUish AgHcHUurist. ^ 

" It Is the soundest little work we have yet seen on tiie subject. — The Timts. 

MILK, CHEESB, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Including a Chapter on Cream and the Methods of its Separation from 
Milk. By John Oliver, late Principal of the Western Dairy Institute, 
Berkeley. With Coloured Plates and doo Illustrations. Crown 8vo, cloth. 

7/6 

" An exhaustire and masterly production. It may be cordiaDy recommended to all students 
and practitioners of dairy science. —Ai»r/* British AgricttUurisL 

" We recommend this rery comprehensive and carefully-written book to dairy-farmers and 
students of dairying. It is a di^Inct acquisition to the library of the agriculturist."— ^^r^iCM/Zwrn/ 
GaMetU. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introduction to Modem Farm 
Practice for Small Farmers. By R. Scott Burn, Author of " Outlines of 

Modem Farming," &c. Crown 8vo, cloth 6/0 

" This is the completest book of its class we have seen, and one which every amateur farmer 
will read with pleasure, and accept as a guide."— Ftif/cf. 

OUTLINES OP MODERN FARMING. 

By R. Scott Burn. Soils, Manures, and Crops— Farming^ and Farming 
Economy — Cattle^ Sheep, and Horses — Management of Dauy^ Pigs, and 
Poultry— Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One 
Vol., 1,250 pp., half-bound, profusely Illustrated 1 2/0 

FARM ENQINEERINQ, The COMPLETE TEXT-BOOK of. 

Comprising Drainiiu[ and Embanking \ Irrigation and Water Supply ; Farm 
Roads, Fences and Gates ; Farm BuiMmgs ; Bam Implements and Machines ; 
Field Implements and Machines ; Agricultural Surveying, &c. By Professor 
John Scott. In One Vol., 1,150 pp., half-bound, with over 600 Illustrations. 

12/0 

" Written with great care, as well as with knowledge and abilUy. The author has done his 
work wdl ; we have tound him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students."— Afani Lxine Express. 

THE FIELDS OF GREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clements (Board of Trade). Second Exlition, Revised, with Additions. 
iSmo, cloth 2/6 

" It is a long time since we have seen a book which has pleased us noore, or which contains 
such a vast and useful fund of knowledge."— J?(fiM»tf0na/ Times. 

TABLES and MEMORANDA for FARMERS. GRAZIERS, 

AGRICULTURAL 3TUDBNT3, 5URVBYOR5, LAND A0BNT5, 
AUCTIONBBR3, &c. 

With a New System of Farm Book-keeping. By Sidney Framos. Third 

Edition, Revised. 372 pp., waistcoat-pocket size, limp leather . • 1 /6 

" We^iiing less than i oz., and occupying no more space than a match-box, it contains amass 
of facts ana calculations which has never before, in such bandy form, been obtainable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of 
the tables having been revised by Dr. Fream. We cordially recommend W— Belts Weekly 
Messenger. 

THE ROTHAMSTED EXPERIMENTS AND THEIR 

PRACTICAL LB330N3 FOR PARMBR5. 

Part I. Stock. Part II. Crops. By C. J. R. Tipper. Crown 8vo, cloth. 

[Just Publishtd. 3/6 

•• We have no doubt that the book will be welcomed by a large class of farmers and others 
interested in agriculture."— SAtMffartf. 



AGRICULTURE, FARMING,' GARDENING, S'C. 45 
PeRTILI5BR5 AND PBBDINQ 5TUPP5. 

A Handbook for the Practical Farmer. By Bernard Dyer, D.Sc. (Lond.). 
With the Text of the Fertilisers and Feeding StuflFs Act of 1893. &c. Third 
Edition, Revised. Crown 8vo, cloth. [Just Published. 1 /O 

" This little book is precisely what it professes to be—' A Handbook for the Practical 
Fanner.' Dr. Dyer has done fanners good service in placing at their disposal so much useful 
information in so Intelligible a form."—TMt Times 

BEE5 POR PLEASURE AND PROPIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management <^ the Apiarv. By G. Gordon Samson. With 
numerous Illustrations. Crown 8vo, cloth 1/0 

BOOK-KEEPING for PARMER5 and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a Svstem adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. 
Second Edition, Revised. Crown Bvo, cloth boards, 3/6 > or» cloth Ump, 2/6 
" The volume is a cs^ital study of a most important suhiect."—A£ria4/turai GasetU. 

WOODMAN'S YEARLY PARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 

Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c. 

With Valuation, Profit and Loss Account, and Balance Sheet at the End of the 

Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

Folio, half-bound 7/6 ^fi- 

"Contains every requisite form for keeping Cum accounts readily and accurately."— 
Agrtcu/ture. 

THE PORCINQ GARDEN. 

Or, How to Grow E^ly Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samuel Wood. Crown 8vo, cloth 3/6 

" A good book, containing a great deal of valuable teaching." — Gardeturs' Magaxint. 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fruits, and Flowers. By S. Wood. Foiuth 
Edition, with considerable Additions, and numerous Illustrations. Crown 

8vo, cloth 3/6 

" A very good book, and one to be highly recommended as a practical guide. The practical 
directioDS are excellent. "•>-^/Ar»<rMm. 

MULTUM-IN-PARVO GARDENING. 

Or, How to Make One Acre of Land produce £620 a year, by the Cultivation 
of Fruits and V^etsd>les ; also. How to Grow Flowers in Three Glass Houses, 
so as to realise A176 per annum clear Profit. By Samuel Wood, Author of 
" Good Gardening, &c. Fifth and Cheaper Edition, Revised, with Additions. 

Crown 8vo, sewed 1 /O 

" We are bound to recommend it as not only suited to the case of the amateur and gentle- 
man's gardener, but to the market grower."— Gardeners' Meigazine. 

THE LADIES' MULTUM-IN-PARVO PLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth . 3/6 
" Full of shrewd hints and useful instructions, based on a lifetime of experience.*— 5c<;/j//iaii. 

POTATOES: HOW TO GROW AND SHOW THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown 8vo 2/0 

MARKET AND KITCHEN GARDENING. 

By C. W. Shaw, late Editor of GattUning Illustrated. Cbth . 3/6 

The most valuable compendium of kitchen and market-garden work published."— /■«»'>wr. 
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AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, &c. 



THB APPRAISER, AUCTIONEER, BROKER, H0U5B 

AND B0TATB AQBNT AND VALUBR'5 POCKBT A55I5TANT. 

For the Valuation for Purchase, Sale, of Renein^ of Leases, Annuities, and 
Revefsions, and of Property generally ; with Prices for Inventories, &c. By 
f OMN Whbbler, Valuer, &c. Sixth £ditiont Re-written and greatly Extendi 
by C. NoRRis, Surveyor, Valuer, &c. Royal 32010, cloth . S/O 

" A neat and concise book of reference, containing' an admirable and clearly-arrailKed list of 
prices for inventories, and a very practical ffuide to determine the value of furniture, &c. "—Standard. 

" Contains a large quantity of varied and useful information as to the vahiatioa for purchase, 
sale, or renewal of leases, annuities and reversions, and of prbperty generally, with prices for 
inventories, and a guide to determine the value of interior fittinifs and other 9S<^ts."—Builel€r. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. ^ By Robert 
Squibbs, Auctioneer. Second Edition, Revised and partly Re-written. Demy 

8vo, cloth 1 2/6 

" The standard text-book on the topics of which it tx^a.t&."—Atht*ueutH. 
" The work is one of general excellent character, and ^ves much information in a com- 
pendious and satisfactory form."— Builder. 

"May be recommended as nving a great deal of information on the law i^elatinsf to 
auctioneers, in a very readable form. — Zow youmal. ^ 

" Auctioneers may be congratulated on having so pleasing a writer to minister to their special 
necds,"-^/icitors' youmal. 

TABLES FOR THE PURCHASING OP ESTATES: 

PRBBHOLD, COPYHOLD, OR LEASEHOLD; ANNUITIES, 
ADV0W50NS, &c 

And for the Renewing of Leases held under Cathedral Churches, Colleges, or 
other Corporate bodies, for Terms of Years certain, and for Lives j a^ for 
Valuing Reversionary Estates, Deferred Annuities, Next Presentations, &c. ; 
together with Smart's Five Tables of Compound Interest) and an Extension 
of the same to Lower and Intermediate Rates. Bv W. Inwood. 24th Edition, 
with considerable Additions, and new and valuable Tables of Logarithms for 
the more difficult Computations of the Interest of Money, Discbunt, Annuities, 
&c., by M. Fedor Thoman. Crown 8vo, cloth 8/0 

** Those interested in the purchase and sale of estates, and in the adjustment of compensation 
cases, as well as in transactions in annuities, life insurances, &c., will find the present edition of 
eminent service." — Engineerinz. 

" ' Inwood's Tables ' still maintain a most enviable reputation. The new issue has been 
enriched by large additional contributions by M. F^dor Thoman, whose carefully arranged Tables 
cannot foil to be of the utmost utility."— Aftwin^ youmal. 

THE AGRICULTURAL VALUER'S ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates ; including Rules 
and Data for Measuring and Estimating the Contents, Weights and Values of 
Agricultural Produce and Timber, and the Values of Feeding Stuffs, Manures, 
and Labour ; with Forms of Tenant-Right Valuations, Lists of Local^ Agricul- 
tural Customs, Scales of Compensation under the Agricultural Holdings Act, 
&c., &c. By Tom Bright, Agricultural Surveyor. Second Edition, Enlai^ed. 

Crown 8vo, cloth S/O 

" Full of tables and examples in connection with the valuation of tenant-right, estateis, labour, 

contents and weights of timber, and farm produce of all Vm.^."— Agricultural Gaxette. 

" An eminently practical handbook, full of practical tables and data of undoubted interest and 

value to surveyors and auctioneers in preparing valuations of aH kinds."— Farmen 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
8vo, cloth SIS 

"To valuers, foresters and agents it will be a welcome a\d."— North British Agriculturist. 

" Well calculated to assist the valuer in the discharge of his dudes, and of undoubtetl interest 
^nd use both to surveyors and auctioneers in preparing valuations of all kinds."— AT^m/ Herald. 
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THE LAND VALUBR'5 BE5T ASSISTANT. 

Being Tables on a very much Improved Plan^ for Calculating^ the Value of 
instates. With Tables f<»' reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure. &c. By R. Hudson, C.E. New Edition. 

P.ojTBil 3amo, leather, elastic oand 4/0 

"Of incalculaUe value to the country gentleman and professional man. "—Farm^rx* yournaL 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 
relating to the Permanent Improvement of Landed Property. By John£wart, 
Surveyor. Second Edition, Revised. Royal 33mo, oblong, leather . 4/0 
" A compendious and handy little volume."— 5i^<£to/pr. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather .... 7/6 

HANDBOOK OP HOUSE PROPERTY. 

A Popular and Practical Guide to the Purchase, Mortgage^ Tenancy, and 
Compulsory Sale of Houses and Land, including the Law of Dilapidations and 
Fixtures : with Examples of all kinds of Valuations, Useful Information on 
Building and Suggestive Elucidations of Fine Art. By E. L. Tarbuck, 
Architect and Surveyor. Sixth Edition. i2mo, cloth .... S/O 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By JoHN 

B. Mackib, Fellow of the Institute of Joumalbts. Crown 8vo, cloth . 22/0 

" This invaluable guide to Journalism is a work which all aspirants to a Journalistic career will 
read with advantage."— 5'<MWfa/ti/. 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramwaysj Gas and Water Works, &c. 
By L. Livingstone Macassbv, of the Sfiddle Temple, Barrister-at-Law, 
M. In.Ht. C.E. 8vo, cloth . ^-f 5^, 

PATENTS for INVENTIONS, HOW to PROCURE THEM. 

* Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth « • 1/6 

CONCILIATIONS ARBITRATION in LABOUR DISPUTES. 

A Hbtorical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By J. S. Jbans, Autlior ot " England's 
Supremacy," &c. Crown 8vo, aoo pp., cloth 2/6 

THE HEALTH OFFICER'S POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edward 
F. WiLLOUGHBV, M.D. (Lond.), &c. Fcap. Svo, cloth .... 7/6 

" A mine of condensed information of a pertinent and useful kind on the v.nrious subjects of 
which it treats. The matter seems to have been carefully compiled and arranged for facility of 
reference, and it is well illustrated by di;urrams and woo<Icut£ The different subjects are 
succinctlv but fully and scientifically dealt with."— TA^ Lancet. 

" Ouffht to be welcome to those for whose use it is desiffned, since it practically bdls down a 
reference Bbrary into a pocket volume. ... It combines, with an uncommon degree of 
efficiency, the qualities of accuracy, conciseness and comprehensiveness."— ScofriMaM. 
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eVBRY MAN»S OWN LAWYER. 

A Haody>Boolc of the Principles of Law and Equity. With a Coocise 
I>icti<MiarY of Legal Terms. By A Barrister. Thirty-fifth Edition, care- 
fully Revised, and including New Acts of Parliament of 1897. Comprising 
the fVoHhnei^s CompensaUon Act^ i9cjtj ; Voluntatis Schools Acts, i8qrj ; 
Prt/erential Payments in Bankruptcy Amendment Acty i8q7 ; IVeig^kts emd 
Measures {Metric System^ Aci^ '9Qf7i Infant Life Protection Act, i8m ; 
Dangerous Performances {o/Ckildren) Act^ iSqtj ; Land Transfer Act, isi?, 
S^.f ^c. Judicial Decisions during the year have also been duh noUa, 
Crown 8vo, 750 pp. Price 6/8 (savea at every consultation I), strongly bound 
in cloth. ijust Published. 

Th$ Book will bi found to compris$ (amongst other matter}— 

Thb Rights and wrongs op individuals— Landlord and Tbnant— vendors 
AND Purchasers— Leases and mortgages— principal and Agent— Partnership 
AND Companies— Masters. Servants and Workmen— Contracts and Agreements 
—Borrowers, lenders and sureties— Sale and purchase op Goods— Cheques. 
Bills and Notes— Bills op Sale— Bankruptcy— Railway and Shipping Law— 
LiPE. Fire, and Marine insurance— Accident and Fidelity Insurance— Criminal 
Law— Parliamentary Elections— County councils— District Councils— Parish 
Councils— Municipal corporations— libel and Slander— Public health and 
nuisances— Copyright, patents, trade marks— husband and wipe- divorce- 
Infancy— custody of Children— Trustees and Executors— Clergy, Church- 
wardens, &C.— Game Laws and Sporting— Innkeepers— Horses and Dogs— Taxes 
AND Death Duties— Forms of Agreements, wills, codicils, Notices, &c. 



IflP T/u object 0/ this "uwk is to enable those vho cottsutt it to help themselves to the 
Unu : and thereby to dispense, as far as possible, with pro/issional assistance and tuMce. There 
are many wrongs ana grievances which persons submit to from time to time through not 
hnowing how or where to apply for redress ; and many persons have as great a dread qfa 
lawyer's qfftce as of a lion's aen. IVith this book at hand tt is believed that many a SiX-AND- 
Eightpbnce mav be saved; manv a wrong redressed ; many a right reclaimed; many m law 
suit avoided; and many an evil ttbeUed, The work has established itseif as the standard legal 
adviser 0/ all classes, amd has also made a reputation /or itseiP as a us^/ttlbeok <tf reference for 
lawyers residing at a distance from law libraries, who are glad to have at hand a work 
embodying recent decisions and enactments. 

Opinions of the Press. 

"It is a complete code of English Law written in plain lansuage, which all can understand. 

. . . Should be in the hands of every business man, and all who wish to abolish lawyers' bms."— 
Weekly Times. 

* * A useful and concise ei^tome of the law, compiled with considerable care."— L«w Magaxitu. 

" A complete digest of the most useful facts which constitute En^ish \xm."— Globe. 

"This excdlent handbook. . . . Admirably done, admirably arranged, and admirably 
chexp." — 'Leeds Mercury. 

" A concise, cheap, and complete epitome of the English law. So plainly written that he who 
runs may read, and he who reads may understand. "— F^garg. 

" A dictionary of l^^al facts well put together. The book is a very useful QHt." Spectator. 

THE PAWNBROKER'S, FACTOR'S, AND MERCHANT'S 

OUIDB TO THB LAW OP LOANS AND PLEDOBS. 

With the Statutes and a Digest of Cases. By H. C. Folkard, Barrister-at- 
Law. Cloth 8/6 

LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Services. By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttlev, 
Solicitor. Fcap. 8vo, cloth 8/6 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 

(■878-1891). For the Use of Manufacturers and Managers. By Emilb 
Garcke and J. M. Feli.s. (Repriated from "Factory Accounts.") 
Crown 8vo, sewed * 6d. 
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2 weale's scientific and technical series. 

CIVIL ENGINEERING & SURVEYING, 
Civil Engineering. 

By Hknry Law. M. Inst. C.E. Including a Treatise on Hydraulic 
Engineering by G. R. Burnell, M.I.C.E. Seventh Ekiitioii, revised, 
with Large Additions by D. K. Clark, M.LC.E. . . . 6/6 

Pioneer Engineering: 

A Treatise on the Engineering Operations connected with the Settlement of 
Waste Lands in New Countries. By Edward Dobson, A.LC.E. With 
numerous Plates. Second Edition 4/6 

Iron Bridges of Moderate Span: 

Their Construction and Erection. By Hamilton W. Pbndrbd. With 40 
Illustrations . . 2/0 

Iron and Steel Bridges and Yiaduots. 

A Practical Treatise upon their Construction for the use of Engineers, 
Draughtsmen, and Students. By Francis Campin, C.E. With numerous 
Illustrations ijust Published 3/6 

Ckmstruotional Iron and Steel Vork, 

As applied to Public, Private, and Domestic BuiMings. By Francis 
Campin, C.E 3/6 

Tubular and other Iron Girder Bridges. 

Describing the Britannia and Conway Tubular Bridges. By G. Drysdale 
Dbmpsey, C.E. Fourth Edition 2/0 

Materials and Ckmstruction : 

A Theoretical and Practical Treatise on the Strains, Designing, and Erec- 
tion of Works of Construction. By Francis Campin, C.E. . 3/0 

Sanitary Work in the Smaller Towns and in Villages. 

By Charles Slagg, Assoc. M. Inst. C.E. Second Edition . . 3/0 

Roads and Streets (The Ckmstruction of). 

In Two Parts: 1. The Art of Constructing Common Roads, by H. 
Law, C.E., Revised by D. K. Clark, C.E. ; II. Recent Practice: In- 
cluding Pavements of Wood, Asphalte, etc. By D. K. Clark, C.E. 4/6 

Gas Works (The Construction of). 

And the Manufacture and Distribution of Coal Gas. By S. Hughes, CE. 
Re-written by Wiluam Richards, CE. Eighth Edition . . 5/6 

lETater Works 

For the Supply of Cities and Towns. With a Description of the Principal 
Geological Formations of En^nd as influencing Supplies of Water. Bv 
Samuel Hughes, F.G.S., C.E. Enlarged Edition . . . 4/6 

The Power of Water, 

As applied to drive FioHr Mills, and to give motion to Turbines and other 
Hydrostatic Engines. By Joseph Glynn, F.R.S. New Edition . 2/0 

WeUs and WeU-Sinking. 

By John Geo. Swindell, A.R.I.B.A.,and G. R. Burnell, CE. Revised 
Edition. With a New Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of Ijands, Towns, and Buildings. 

By G. D. Dbmpsey, C.E. Revised, with targe Additions on Recent 
Practice, by D K. Clark, M.I.C.E. Third Edition . . . 4/6 

Embanking Lands frovcL the filea. 

With Particulars of actual Embankments, Ac By John Wiggins . 2/0 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. Burgoyne, K.C B. . . . , . f /© 

Foundations and Concrete Works. 

With Practical Remarks on Footings, Planking, Sand, Concrete, B^ton, 
Pile-drivinff^ Caissons, and Cofferdams. By E. Dobson, M.R.I.B.A. 
Seventh Edition t /6 



weale's sciENTnnc and technical series. 3 

Pneumatios, 

Including Acoustics and the Phenomena of Wind Currents, for the Use of 
Beginners. By Charles Tomlinson, F.R.S. Fourth Edition . i/Q 

Land and Engineering Surireying. 

For Students and Practical Use. By T. Baker, C.E. Seventeenth Edition, 
Revised and Extended by F. E. Dixon, A.M. Inst. C.E., Professional Asso- 
ciate of the Institution of Surveyors. With numerous Illustrations and iwo 
Lithographic Plates {Just published 2/0 

Mensuration and Measuring. 

For Students and Practical Use. With the Mensuration and Levelling of 
Land for the purposes of Modem Engineering. By T. Baker, C.E. New 
Edition by E. Nugent, C.E 1/6 



MINING AND METALLURGY 
Mineralogy, 

Rudiments of. By A Ramsay, F.G.S. Third Edition, revised and 
enlarged. Woodcuts and Plates 3/6 

Coal and Coal Mining, 

A Rudimentary Treatise on By the late Sir Warington W. Smvth, 
F.R.S. Seventh Edition, revised and enlarged . .... 3/6 

Metallur^ of Iron. 

Containing Methods of Assay, Analyses of Iron Ores, Processes of Manu- 
faeture of Iron and Steel, &c. By H. Baubrman, F.G.S. With numerous 
Illustrations. Sixth Edition, revised and enlarged .... 6/0 

The Mineral Surveyor and Valuer's Complete Guide. 

By W. Lintbrn. Fourtli Edition, with an Appendix on Magnetic and 
Angular Surveying 3/6 

Slate and Slate Quarrying: 

Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. With 
numerous Illustrations and Folding Plates. Third Eklition . . 3/0 

A First Book of Mining and Quarrying, 

With the Sciences connected therewith, for Primary Schools and Self In- 
struction. By J. H. Collins, F.G.S. Second Eklition . . .1/6 

Subterraneous Surveying, 

With and without the Magnetic Needle. By T. Fenwick and T. Baker, 
C.E. Illustrated - 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Mining at the 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

Of Engraving^ to Illustrate the above, containing 235 Illustrations of Mining 
Tools, drawn to Scale. 4to 4/6 

Physical Geology, 

Partly based on Aiajor-General Portlock's " Rudiments of Geology." 
By Ralph Tate, A.L.S., &c. Woodcuts 2/0 

Historical Geology, 

Partly based on Major-General Portlock's ** Rudiments." By Ralph 
Tate, A.L.S., &c. Woodcuts . . . 2/6 

Geology, Physical and Historical. 

Consisting of " Physical Geology," which sets forth the Leading Principles 
of the Science ; and ** Historical Geology," which treats of the Mineral and 
Organic Conditions of the Earth at each successive epoch. By Ralph 
Tate, F.G.S 4/6 

Electro-Metallurgy, 

Practically Treated. By Alexander Watt. Tenth Edition, enlarged 
and revised, inclnding the most Recent Processes .... 3/6 
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MECHANICAL ENGINEERING. 

The Workman** Manual of Engineering Dranring. 

By John Maxton, Instructor in Engineering Drawing, Royal Naval 
College, Greenwich. Seventh Edition. 300 Plates and Diagrams . 3/6 

Fuels: Solid, liiquid, and Gaseous. 

Their Analysis and Valuation. For the Use of Chemists and EUigineers. 
By H. J. Phillik, F.C.S., formerly Analytical and Consulting Chemist 
to the Great Eastern Railway. Second Edition, Revbed . . ZtO 

Fuel, Its Combustion and Economy. 

Coiihisting of an Abridgment of " A Treatise on the Combustion of Coal and 
the Prevention of Smoke." By C. W. Williams, A.l.C.E. With Exten- 
sive Additions by D. K. Clark, M. Inst. C.E. Third Edition . 3/5 

The Boilermaker's Assistant 

In Drawing^ Templating, and Calculating Boiler Work, &c By J. Court- 
ney, Practical Boilermaker. Edited by D. K. Clark, C.E. . 2/0 

The Boiler-Maker's Ready Reckoner, 

With Examples of Practical Geometry and Templating for the Use of 

Platers, Smiths, and Riveters. By John CouRTNBy. Edited by D. K. 

Clark, M.I.C.E. Second Edition, revised, with Additions . 4/0 

*,♦ T/w last itvo Worki in On* Volume, half-bound, entitled " The BoiLBit- 

maker's Rbadv-Reckgnrr and Assistant." By J. Courtney and 

D. K. Clark. Price js. 

Steam Boilers : 

Their Construction and Management. By R. Armstrong, CE. Illustrated 

1/6 
Steam and Machinery Management. 

A Guide to the Arrangement and Economical Management of Machinery. 
By M. Powis Bale, M. Inst. M.E 2/6 

Steam and the Steam Engine, 

Stationary and Portable. Being an Extension of the Treatise on the Steam 
Engine of Mr. J. Sbwbll. By D. K. Clark, C.£. Third Edition 3/6 

The Steam Engine, 

A Treatise on the Mathematical Theory of, with Rules and Elxamples for 
Practical Men. By T. Baker, C. E. . . ' 1/6 

The Steam EngUie. 

Wy Dr. Larpner. Illustrated 1/6 

liooomotive Engines, 

* By G. D. Dbmpsev, C.E. With large Additions treating of the Modem 
Locomotive, by D. K. Clark, M. Inst. CE 3/O 

liOoomotive Engine-Driving. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michael Reynolds. Eighth Edition. 3^. td. limp ; cloth boards 476 

Stationary Engine-Driving. 

A Practical Manual for Engineers in charge of Stationary Engines. By 
Michael Reynolds. Fourth Edition. 3«. 6d. limp ; cloth boards. 4/6 

The Smithy and Forge. 

Including the Farrier's Art and Coach Smithing. By W. J. E. Crane. 
Seco nd E dition, revised 2/6 

Modern Vorkshop Practice, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Dredging Machines, Bridges, Sliip-buiiding, &c. By J. G. Wintgn.^ 
Fourth Edition, Illustrated 3/6 

Mechanical Engineering. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
&c. By Francis Campin, C.E. Third Edition .... 2/6 

Details of Machinery. 

. Comprising Instructions for the Execution of various Works in Iron in the 
Fitting-Shop, Foundry, and Boiler- Yard. By Francis Campin, C.E. 3/0 
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Elementapy Engineering: 

A Manual for Young Marine Engineers and Apprentices. In the Form of 

Suestions and Answers on Metals, Alloys, Strength of Materials, &c. 
y J. S. Brewer. Second Edition 2/0 

Power in Motion: 

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving 
Bands, Angular Forces, &c By Jambs Armour, C.L. Third Edition 2/0 

Iron and Heat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girders. By J. Armour, C.E 2/6 

Praotioal Meohanism, 

And Machine Tools. By T. Baker, CE. With Remarks on Tools and 
Machinery, by J. N ASM YTH, C.E 2/6 

Meohanios : 

Being a concise Exposition of the General Principles of Mechanical Science, 
and their Applications. By Charles Tomlinson, F.K.S. . .1/6 

Cranes (The Gonstruotion of), 

And other Machinery for Raising Heavy Bodies for the Erection of Build- 
ings, &C. By Joseph Glynn, F.R.S .1/6 



NAVIGATION, SHIPBUILDING, ETC. 
The Sailor's Sea Book: 

A Rudimentary Treatise on Navigation. By James Greenwood, B.A. 
With numerous Woodcuts and Coloured Plates. New and enlarged 
Edition. By W. H. Rosser . . . ... . . . 2/6 

Praotioal Navigation. 

Consisting of The Sailor's Sea-Book, by James Greenwood and W. H. 
Rosser ; together with Mathematical and Nautical Tables for the Workine 
of the Problems, by Henry Law, C.E., and Prof. J. R. Young . 7/0 

Navigation and Nautical Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. 2/6 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 

Prefixed a Treatise on Logarithms. By H. Law, CE. Together with a 
cries of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Masting, Mast-Making, and Rigging of Ships. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
&C., relative to every class of vessels. By Robert Kipping, N.A. . 2/0 

Sails and Sail-Making. 

With Draughting, and the Centre of Effort of the Sails. By Robert 
Kipping, N A . 2/6 

Marine Engines and Steam Vessels. 

By R. Murray. C.E. Eighth Edition, thoroughly revised, with Addi- 
tions by the Author and by George Carlisle. C E. . . . 4/6 

Iron Ship-Building. 

With Practical Examples. By John Grantham. Fifth Edition . 4/0 

Naval Arohiteoture : 

An Exposition of Elementary Principles. By James Peaks . . 3/6 

Ships for Ooean and River Servioe, 

Principles of the Construction of. By Hakon A. Sommerpeldt . 1 /6 

Atlas of Engravings 

To Illustrate the above. Twelve large folding Plates. Ro3ral 4to, cloth 7/6 

The Forms of Ships and Boats. 

By W. Bland. Seventh Eldition, revised, with numerous Illustrations and 
Models 1/6 
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ARCHITECTURE AND THE 

BUILDING ARTS. 
Construotional Iron and Steel UTork, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, CE 3/6 

Building Estates : 

A Treatise on the Development, Sale, Purchase, and Management of Build- 
ing Land. By F. Maitland. Second Edition, revised . . 2/0 

The Soienoe of Building : 

An ElemenUry Treatise on the Principles of Construction. By fe. Wynd- 
HAM Tarn, M.A. Lond. Third Edition, revised and enlarged . 3/6 

The Art of Building : 

General Principles of Construction, Strength, and Use of Materials, Working 
Drawings, Specifications, &c. By Edward Dobson, M.R.I.B.A. . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund Beckett, Q.C. (Lord Grim- 
thorpe). Second Edition ... 4/6 

Dwelling-Houses (The Ereotion of), 

Illustratecf by a Perspective View, Plans, and Sections of a Pair of Villas, with 
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6 

Cottage Building. 

By C. Brucr Allen. Eleventh Edition, with Chapter on Economic Cot- 
tages for Allotments, by E. E. Allen, CE 2/0 

Acoustics in Relation to Architecture and Building : 

The Laws of Sound as applied to the Arrangement of Buildings. By Pro- 
fessor T. Rogrr Smith, F.R.I. B. A. New Edition, Revised . .1/6 

The Rudiments of Practical Bricklaying. 

General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ; 
Pointing ; Paving, Tiling, &c. By Adam HAmmon'd. With d8 Wo -dcuts 

1/6 
The Art of Practical Brick Cutting and Setting. 

By Adam Hammond. With 9 Engravings 1 /Q 

Brickwork : 

A Practical Treatise, embodying the General and Higher Principles of 
Bricklaying, Cutting and Setting ; with the Application ofGeometry to Roof 
Tiling, &c. By F.Walker |/Q 

Bricks and Tiles, 

Rudimentary Treatise on the Manufacture of; containing an Outline of the 
Principles of Brickmakinp. By E. Dobson, M.R.LB.A. Additions by 
C. Tomlinson, F.R.S. Illustrated 3/O 

The Practical Brick and Tile Book. 

Comprising: Brick and Tile Making, by E. Dobson, A.I.C.E. ; Prac- 
tical Bricklaying, by A. Hammond ; Brick-cutting and Setting, by 
A. Hammond. 550 pp. with 270 Illustratious, half-bound . . Q/Q 

Carpentry and Joinery — 

The Elementary Princihles of Carpentry. Chiefly composed from the 
Standard Work of Thomas Tredgold, C.E. With Additions, and Treatise 
ON Joinery, by E. W. Tarn, M.A. Sixth Edition, Revised .■ . 3/6 

Carpentry and Joinery — Atlas 

Of 35 Plates to accompany and Illustrate the foregoing book. With 
Descriptive Letterpress. 410 6/0 
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A Practical Treatise on Handrailing; 

Showing New and Simple Methods. By Geo. Collings. Second Edition, 
Revised, including a Treatise on Stairbuilding. With Plates . 2/6 

Circular Work in Carpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings. Second Edition 2/6 

Roof Carpentry: 

Practical Lessons in the Framing of Wood Roofs. For the Use of Working 
Carpenters. By Geo. Collings 2/0 

The Construction of Roofs of Wood and Iron; 

Deduced chiefly from the Works of Robison, Tredgold, and H umber. By 
E. WvNDHAM Tarn, M.A., Architect Second Edition, revised . 1/o 

The Joints Made and Used by Builders. 

By Wyvill J. Christy, Architect. With i6o Woodcuts . . 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By Gborob 
H. Blagrovb. With 31 Illustrations 1/6 

The Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. E. Grandy 2/0 

Plumbing : 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buchan. 
Seventh Edition, Re- written and Enlarged, with 500 Illustrations . 3/6 

Ventilation : 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
Buchan, R.P., Author of " Plumbing," &c. With 170 Illustrations 3/6 

The Practical Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W. Kemp 2/0 

House Painting, Graining, Marbling, & Sign Writing. 

With a Course of Elementary Drawing, and a Collection of Useful Receipts. 
By Ellis A. Davidson. Seventh Edition. Coloured Plates . . 5/0 
*#* The abovct in cloth boards, strongly bounds 6s. 

A Grammar of Colouring, 

Applied to Decorative Painting and the Arts. By George Field. New 
Edition, enlarged, by Ellis A. Davidson. With Coloured Plates . 3/0 

Elementary Decoration 

As applied to Dwelling Houses, &c. By James W. Facby. Illustrated 2/0 

Practical House Decoration. 

A Guide to the Art of Ornamental' Painting, the Arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By James W. FaceV. 

2/6 
♦»* The last two Works in One handsome Vol., half-bound, entitled '* House 
Decoration, Elementary and Practical," price 5*. 

Warming and Ventilation 

Of Domestic and Public Buildings, Mines, Lighthouses, Ships, &c. Bv 
Charles Tomlinson, F.R.S 3/0 

Portland Cement for Users. 

By Henry Faija, A.M. Inst. C.E. Third Edition, Corrected . 2/0 

liimes, Oements, Mortars, Concretes, Mastics, Plas- 
tering, &c. 

By G. R. Burnbll. C.£. Thirteenth Edition . . . .1/6 
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Masonry and Stone-Guttinj^. 

llie Principles of Masonic Projection and their application to Construction. 
By Edward Dobson, M.R.I.B.A 2/6 

Aroh«s, Piers, Buttresses, Ac: 

Experimental Essays on the Principles of Construction. By W. Bland. 

Quantities and Measurements, 

In Bricklayers', Masons', Plasterers', Plumbers', Painters', Papcrhangers', 
Gilders', Smiths', Carpenters' and Jomers' Work. By A. C. Beaton 1 /6 

The Oomplete Measurer: 

Setting forth the Nf easurement of Boards, Glass, Timber and Stone. By R. 
HoRTON. Fifth Edition 4/0 

•»• The mbovt^ strongly bound in leather^ prict 5«. 

Litfht: 

An Introduction to the Science <^ Optics. Designed for the Use of Students 
of Architecture, Engineering, and other Applied Sciences. By E. Wynd- 
HAM Tarn, M. A., Author of " The Science of Building," &c . .1/6 

Hints to Youn^ Arohiteots. 

By George Wightwick, Architect. Fifth Edition, revised and enlarged 
by G. HusKissoN Guillaumb, Architect 3/6 

JLrohiteoture— Orders : 

The Orders and their ^Esthetic Principles. By W. H. Leeds. Illustrated. 

1/6 
Arohiteoture— Styles : 

The History and Description ot the Styles of Architecture of Various 
Countries, from the Earliest to the Present Period. By T. Talbot Bmrv, 
F.R.I.B.A. Illustrated 2/0 
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»* Orders and Styles op Architecture, in One Vol.., y. 6d, 

Arohiteoture— Desigti : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Edw. 

Lacy Garbett, Architect. Illustrated 2/6 

*»* Tke three preceding Works in One handsome VoL^ half bounds entitled 
'•Modern Architecture," /rrV* 6*. 



Perspeotiire for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Painting, &c. 
By George Pyne 2/0 

Arohiteotural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. Jewitt \ /6 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gessert and Emanuel Otto Fkomberg. With 
an Appendix on The Art of Enamelling 2/6 

YitruYius— The Arohiteoture of. 

In Ten Books. Translated from the Latin by Joseph Gwilt, F.S.A., 
F.R.A.S. With 23 Plates 6/0 

N.B. — This is the only Edition o/\ itrxjwvs Procurab/e at a moderate price. 

Greoian Arohiteoture, 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the AJt in Greece. By the Earl of Aberdeen 1 /O 

*«* The two preceding JVorks in One handsome Vol.^ half bounds entitled 
" Ancient Architecture." prict 6s. 
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INDUSTRIAL AND USEFUL ARTS. 
Cements, Pastes, Glues, and Qums. 

A Practical Guide to the Manufacture and Application of the various 
Agglutinants required for Workshop, Laboratory, or Office Use. With 
upwards ofooo Recipes and Formulae. By H. C. Standagb . . 2/0 

Glooks and Watches, and Bells, 

A Rudimentary Treatise on. By Sir Edmund Bbktkett, Q.C. (Lord 
Grimthorpb). Seventh Edition 4/6 

The Goldsmith's Handbook. 

Containing full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels. 
&c., &c. By George E. Gee. Third Edition, enlarged . . . 3/0 

The Silvepsmith's Handbook, 

On the same plan as the Goldsmith's Handbook. By George £. Gbr. 

Second Edition, Revised 3/0 

*«* TAf lost two IVorks, in One Jiandsome Vol,^ half-bound^ 7*. 

The Hall-Marking of Jewellery. 

Comprising an account of aH the different Assay Towns of the United 
Kingdom ; with the Stamps and Laws relating to the Standards and Hall- 
Marics at the various Assay Offices. By George E. Gee . . 3/0 

Practioal Organ Builaing. 

By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 

Goaoh-Building : 

A Practioal Treatise. By James W. Burgess. With 57 Illustrations 2/6 

The Brass Founder's Manual: 

Instructions for Modelling, Pattern Making, Moulding. Turning, &c. By 
W. Graham 2/0 

The Sheet-Metal Worker's Guide. 

A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c, with 
46 Diagrams. By W. J. E. Crane. Second Edition, revised . 1 /6 

Se^ving Machinery: 

Its Construction, History, &c With full Technical Directions for Adjust- 
ing, &c. By J. W. Urquhart, C.E 2/0 

Gas Fitting: 

A Practical Handbook. By John Black. Second Edition, Enlarged. 
* With 150 Illustrations Z/6 

Oonstruotion of Door Looks. 

From the Papers ot A. C. Hobbs. Edited by Charles Tomlinson, F.R.S. 
With a Note upon Iron Safes bv Robert Mallet. Illustrated . 2/6 

The Model LooomotiYe fiSn^ineer, Fireman, and 
Engine-Boy. 

Comprising an Historical Notice of the Pioneer Locomotive Engines and 
their Inventors. By Michael Reynolds. Second Edition. With 
numerous Illustrations, and Portrait of George Stephenson . . 3/6 

The Art of Letter Painting made Easy. 

By T. G. Badenoch. With 12'full-page Engravings of Examples . 1 /6 

The Art of Boot and Shoemaking. 

Including Measurement, Last-fitting, Cutting-out, Closing and Making. By 
John Brdford Leno. With numerous Illustrations. Third Edition 2/0 

Mechanioal Dentistry: 

A Practical Treatise on the Construction of the Various Kinds of Artificial 
Dentures. By Charles Hunter. Third Edition, revised . . 3/0 

Wood Engraving: 

A Practical and Easy Introduction to the Art. By W. N. Brown . 1 /6 

Laundry Management. 

A Handbook for Use in Private and Public Laundries. Including Accounts 
of Modem Machinery and Appliances. By the Editor of " The Laundry 
Journal." With numerous Illustrations. Second Edition . • 2/0 
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AGRICULTURE, GARDENING, ETC. 
Draining and Bmbawlrin^ ; 

a Practical Treatise. By Prof. John Scott. With 68 Illustrations \ /6 

Irritfatioii and Wat«r Supply: 

a Practical Treatise on Water Meadows, Sewage Irrigation, Warping, &c; 
on the Construction of Wells, Ponds, Reservoirs, ftc. By Prof. John 
Scott. With 34 Illustrations t /6 

Farm Roads, F«no«s, and Gates: 

A Practical Treatise on the Roads, Tramways, and Waterways of the 
Farm ; the Principles of Enclosures ; and the different kinds of Fences, 
Gates, and Stiles. By Prof. John Scott. With 75 Illustrations . 1 /6 

Farm Buildings: 

A Practical Treatise on the Buildings necessary for various kinds of Farms, 
their Arrangement and Construction, with Plans and Estimates. By Prof. 
John Scott. With 105 Illustrations 2/0 

Bam Implsments and Machines: 

Treatmg of the Application of Power ahd Machines used in the Threshing- 
bam. Stockyard, Dairy, &c. By Prof. J. Scott. With 123 Illustrati<Mis. 

2/0 
Fisld Implements and Machines: 

With Principles and Details of Construction and Points of Excellence, their 
Management, &c. By Prof. John Scott. With 138 Illustrations' 2/0 

A^ioultural SupYeying: 

A Treatise on Land Surveyme, Levelling, and Setting-out ; with Directions 
fn- Valuing Esutes. By Prof. J. Scott. With 6a Illustrations . 1 /6 

Farm Engineering. 

By Professor John Scott. Comprising the above Seven Volumes in One, 
1,150 pages, and over 600 Illustrations. Half-bound ... 1 2/0 

Outlines of Farm Management. 

Treating of the General Work of the Farm; Stock; Contract Work; 
Labour, &c. By R. Scott Burn 2/6 

Outlines of Landed Estates Management. 

Treating of the Varieties of Lands, Methods of Farming, Setting-out of 
Farms, Roads. Fences, Gates, Drainage, &c By R. Scott Burn . 2/6 
%* TJke above Two Vols, in One^ kattdsomefy half-bound^ price 6*. 

Soils, Manures, and Crops. 

(Vol. I. Outlines of Modern Farming.) By R. Scott Burn . 2/0 

Farming and Farming Bconomy. 

(Vol. II. Outlines of Modern Farming.) By R. Scott Burn 3/0 

Stock: Cattle, Sheep, and Horses. 

(Vol. III. Outlines of Modern Farming.) By R. Scott Burn 2/6 
Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines of Modern Farming.) By R. Scott Burn 2/0 

Utilization of Sewage, Irrigation, and Beolamation 
of Waste Land. 

(Vol. V. Outlines of Modern Farming.) By R. Scott Burn . 2/6 
Outlines of Modern Farming. 

By R. Scott Burn. Consisting of the above Five Volumes in One, 
1,250 pp., profusely Illustrated, half-bound \ 2/0 



weale's scientific and technical series. 11 



Book-keeping for Farmers and Estate Owners. 

a Practical Treatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman. Third Edition, revised . 2/6 

Ready Reckoner for the Admeasurement of Land. 

By A. Arman. Third Edition, revised and extended by C. Norris 2/0 

Miller's, Oorn Merchant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modem Flour Mill Machinery, 
by W. S. HUTTON, C.E 2/0 

The Hay and Stravr Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw 
Dealers, &c. By John Steblb 2/0 

Meat Production. 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. 
By John Ewart 2/6 

Sheep : 

The Hbtory, Structure, Economy, and Diseases of. By W. C. Spoonbr, 
M.R.V.S. Fifth Edition, with fine Engravings 3/6 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of *' Gardening Illustrated " . . 3/0 

Kitchen Gardening Made Easy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c., with directions for management all the year round. By George M. F. 
Glennv. Illustrated t/6 

Oottage Gardening: 

Or Flowers, Fruits, and Vegetables for Small Gardens. By E. Hobday. 

1/6 
Garden Receipts. 

Edited by Charles W. QuiN -1/6 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Du 
Brbuil. Fourth Edition, carefully Revised by George Glennv. With 
187 Woodcuts 3/6 

The Tree Planter and Plant Propagator: 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samuel Wood 2/0 

The Tree Pruner: 

A Practical Manual on the Pruning of Fruit Trees. Shrubs, Climbers, and 
Flowering Plants. With numerous Illustrations. By Samuel Wood )/Q 

•<j* The above Two Vols, in One^ handsomely half-boumi^ price 3*« 6<^. 

The Art of Grafting and Budding. 

By Charles Baltbt. With Illustrations 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 
D«soriptiir« Geometry, 

An Elementary I'reatise on ; with a Theory of Shadows and of Perspective, 
extracted from the French oif G. Monge. To which is added a Description 
of the Principles and Practice of Isometrical Projection. By J. F. Heather, 
M.A. With 14 Plates . . 2/0 

Praotioal Plane Geometry: 

Giving the Simplest Modes of ConstTO<'tiiig Figures contained in one Plane 
and Geometrical Construction df the Ground. By J. F. Heather, M.A. 
With 215 Woodcuts 2/0 

Analytical Geometry and Gonio Sections, 

A Rudimentary Treatise on. By James Hann. A New Eklition, re- 
written and enlarged by Professor J. R. Young .... 2/0 

Euclid (The Blements of). 

With many Additional Propositions and Explanatory Notes ; to which is 
prefixed an Introductory Essay on Logic. By Henry Law, C.E. . 2/6 

*^* Sold also separatelyy viz : — 
Buolid. The First Three Books. By Henry Law, C.E. . .1/6 

Buolid. Books 4, 5, 6, II, 13. By Henry Law, C.E . .1/6 

Plane Trigonometry, 

The Elements of. By Jambs Hann 1/6 

Spherical Trigonometry, 

The Elements of. By James Hank. Revised by Charles H. Dow- 

LING, O. ii>. ........... I /Q 

*♦* Or with " The Elements 0/ Plane Trigonometry" in One Volume^ at. 6rf. 

Differential Calculus, 

Elements of the. By W. S. B. Woolhouse, F.R.A.S., &C. . .1/6 

Integral Calculus. 

By HoMERSHAM Cox, B.A. 1/0 

Algebra, 

The Elements of. By James Haddon, M.A. With Appendix, containing 
Miscellaneous Investigations, and a Collection of Problems . . 2/0 

A Key and Companion to the Above. 

An extensive Repository of Solved Examples and Problems hi Algebra. 
By J. R. Young 1/6 

Commercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By James Haddon, M.A. 1/6 

Arithmetic, 

A Rudimentary Treatise on. With full £x|)1anations of its Theoretical 
Principles, and numerous Examples for Practice. For the Use of Schools 
and for Self-Instruction. By J. R. Young, late Professor of Mathematics 
in Belfast College. Eleventh Edition ... > * « 1 /6 

A Key to the Above. 

By J. R. Young .... . . • • • 1 /6 

Equational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce ; with various Tables by which all Calculations may be greatly 
facilitated. By W. Hipsley 1/6 

Arithmetic, 

Rudimentary, for the Use of Schools and Self-In.struction. By Jamss 
Haddon, M.A. Revised by Abraham Arman . . -1/6 

A Key to the Above. 

By A. Arman ■! /g 
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Mathematical Instruments: 

Their Construction, AcUustment, Testing, and Use concisely Explained 
By J. F. Heather, M.A., of the Royal Military Academy, Woolwich. 
Fourteenth Edition, Revised, with Additions, by A. T. Walmisley, 
M.I.C.E. Orip:inal Edition, in i vol.. Illustrated .... 2/0 

*<,* In ordering the abffve^ he careful to say " Original Edition" or give the 
numivr in the Series (32), to distinguish it from the Enlarged Edition in 
3 vols, (as follows) — 

Drawing and Measuring Instruments. 

Including— I. Instruments employed in Geometrical and Mechanical Draw* 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used for the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Heather, M.A. , 1 /Q 

Optical Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 
producing copies of Maps and Pians by Photography. By J. F. Heather, 
M.A. Illustrated .1/6 

Surveying and Astronomical Instruments. 

Including — I. Instruments used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments employed in Astronomical Ob- 
servations. By J. F. Heather, M.A. Illustrated. . . .1/6 

•<j* The above three volunus form an enlargement of the Author's original work, 
" Mathematical Instruments," price 2s. (Described at top of page.) 

Mathematical Instruments : 

Their Construction, Adjustment, Testing and Use. Comprising Di:awing, 
Measuring, Optical, Surveying, and Asironomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition, for the most part entirely re-wntten. 
The Three Parts as above, in One thick Volume. .... 4/6 

The Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
culations with unexampled rapidity and accuracy. By Charles Hoare, 
C.E. With a Slide Rule, in tuck of cover. Fifth Edition. . . 2/6 

Logarithms. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calculations. By Henrv Law, C.E. Revised Edition . . . 3/0 

Oompound Interest and Annuities (Theory of). 

With Tables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuities, &c., in all their Applications and Uses for Mercantile 
and State Purposes. By Fedor Thoman, Paris. Fourth Edition . 4/0 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 

grefixed a Treatise on Logarithms. By H. Law, C.E. Together with a 
eries of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition .....*..•* 4/0 

Mathematics, 

As applied to the Constructive Arts. By Francis Cam pin, C.E., &c. 
Second Edition 3/0 

Astronomy. 

By the Tate Rev. Robert Main, F.R.S. Third Edition, revised and cor- 
rected to the Present Time. By W. T. LvNN, F.R.A.S. . . 2/0 

Statios and Dynamics. 

The Principles and Practice of. Embracing also a clear development of 
Hydrostatics, Hydrodynamics, and Central Forces. By T. Baker, C.E. 
Fourth Edition 1/6 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

A Dictionary of Painters, and Handbook for Picture 
Amateurs. 

Being a Guide for Visitors to Public and Private Picture Galleries, and for 
Art-Students, including Glossary of Terms, Sketch of Principal Schools of 
Painting, &c. By Philippb Darvl, B.A. 2/6 

Paintintf Popularly Explained. 

By T. J. GuLticK, Painter, and John Timbs, F.S.A. Including Fresco, 
Oil, Mosaic, Water Colour, Water>GIass, Tempera, Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c Fifth Edition S/0 

A Dictionary of Terms used in Architecture, Build- 
ing, Engineering, Hinin^, Metallur^, ArohsB- 
oloffy, the Fine Arts, &c: 

By John Wbalb. Sixth Edition. Edited by Robt. Hunt, F.R.S. 
Numerous Illustrations 6/0 

Music : 

A Rudimentary and Practical Treatise. With numerous Examples. By 
Charlbs Child Spbncbr 2/6 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 
Charles Child Spbncbr 1/6 

The House Manager. 

Being a Guide to Housekeeping, Practical Cookery, Pickling and Preserv- 
ing, Household Work, Dairy Management, Celuirage of wines. Home- 
brewing and Wine-making, Stable ^x>nomy. Gardening Operations, &c. 
' By An Old Housbkbepkr 3/6 

Manual of Domestic Medicine. 

By R. Gooding, M.D. Intended as a Family G«ide in all cases ot 
Accident and Emergency Third Edition, carefully revised . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. Jambs Baird \ /Q 

Natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . . 1 /6 

The Electric Telegraph, 

Its History and Progress. With Descriptions of some of the Apparatus. 
By R. Sabine, C.E., F.S.A., &c 3/0 

Handbook of Field Fortification. 

By Major W. W. Knollvs, F.R.G.S. With 163 Woodcuts . . 3/0 

Ltogio, 

Pure and Applied. By S. H Emmen*?* Third Exlition . . -1/6 

Locke on the Human Understanding, 

Selections from. With Notes by S. H. Emmens . . . .1/6 

The Compendious Calculator 

ijntuttiv^ Calculations^. Or EJasy and Concise Methods of Performing the 
various Arithmetical Operations required in Commercial and Business 
Transactions ; together with Useful Tables, &c By Daniel O'Gorman. 
Twenty-seventh Edition, carefully revised by C. Norris . . 2/6 
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Measures, Weights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. WooLHousE, F.R.A.S., F.S.S. Seventh Edition . 2/6 

Grammar of the Bnglish Tongue, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By HvDE Clarke, D.C.L. Fifth Edition. . . .1/6 

Dictionary of the Bnglish Language. 

As Spoken and Written. Containing above 100,000 Words. By Hyde 

Clarke, D.C.L 3/6 

Contp'ete with the Grammar 5/S 

Composition and Punctuation, 

Familiarly Explained for those who have neglected the Study of Grammar. 
By Justin Brenan. i8tu Edition. . . 1 . . .1/6 

French Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. Ry 
G. L. Strauss, Ph.D 1/6 

English-French Dictionary. 

Comprbing a large number of Terms used in Engineering, Mining, &c 
By Alfred Elwes 2/0 

French Dictionary. 

In two Parts — I. French-English. II. English- French, complete in 

One VoL . 3/0 

•«• Or with the Grammar, 4/6- 

French and English Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words, 
Collection of Phrases, and Easy Familiar Dialogues . . .1/6 

German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss 1/6 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French- English. Part II. 
English-German-French. Part III. French-German-English . 3/0 

German Triglot Dictionary. 

(As above). Together with German Grammar, in One Volume . 5/0 

Italian Grammar. 

Arranged in Twenty Lessons, with Exercises. By Alpreo Elwes. 1 /6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are carefully 
noted down. By Alfred Elwes. Vol.1. Italian- English- French. 2/© 

Italian Triglot Dictionary. 

By Alfred Elv.es. Vol. 2. English-French- Italian. 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. 3. French-Italian- English. . . . 2/6 

Italian Triglot Dictionary. 

(As above). In One Vol 7/6 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfred Elwes 1 /6 

Spanish-Bnglish and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 

Elwes 4/0 

•»* Or with the Grammar, 6/0- 
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In a SimpU and Practical Form. With Exercises. By Alfred Elwbs 1 /Q 

Portugese -Bn^Iish and Bnglish-Portu^estt Dio- 
tionarv* 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfrru 

Elwrs. lliird Eoitjon, revised . S/0 

%• Or wiMM/ Grammar, 7/0- 

Animal Physios, 

Handbook of. By Dionysius Lardnbr, D.CL. With 530 Illustrations. 

In One Vol. (732 pages), cloth boards 7/6 

*,* Sold also in Two Parts, as follows : — 
Animal Physics. By Dr. Lardnbr. Part I., Chapters I. — VII. i^/0 
Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XVIII. 

3/0 
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